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SUMMARY

This Topical Report prepared under NASA Contract NAS 3-4162 contains
thermophysical, compatibility, and mechanical property data on ceramic-
to-metal seal technology of interest to the design of advanced space electric
power systems. It represents a thorough search of the recent world's litera-
ture on this subject and a bibliographic record on this topic.

The application of ceramic-to-metal bore seals to actual designs is described
and discussed. The thermophysical and mechanical properties at elevated
temperatures of selected ceramic and metallic members are reported. The
materials include high-purity alumina, high-purity beryllia, columbium alloy
Cb-1Zr, tantalum T-111, and columbium D-43,

Two major methods of joining ceramic to metals were investigated: the
metalizing braze method and the direct-bonding, active-metal braze process.
The joints produced by the metalizing method were too britti2 to insure an
adequate seal. The active-metal braze was used on the representative bore
seals, Of the active-metal systems studied for the ceramic-to-metal seal,
the 56 percent zirconium, 28 percent vanadium, 16 percent titanium system
proved to be the most satisfactory.

Alkali-metal exposure tests show that for best results, the silica content of

the ceramic must be held below 53 parts per million, Static capsule tests
were used for the quantitative evaluation at 1000°F and 1600°F for com-
patibility of the bore seal materials and brazed assemblies with very high-
purity potassium, lithium, and sodium-potassium eutectic alloy. Emphasis
was placed upon maintaining very low oxygen level of the alkali metals through-
out the loading procedure.

The most promising system for lithium exposure at 1000°F or for potassium
exposure at 1600°F consists of a ceramic body of Thermalox 998 beryllia
(99. 8 BeO), brazing alloy of 56 percent zircoaium 28 percent vanadium 16
percent titanium, and a metal member of columbium-1% zirconium. All
tested specimens were vacuum tight after exposure.
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SECTION I

INTRODUCTION

This report presents the ceramic-to-metal seal technology of interest

to design advanced space electric power systems where alkali metals
are used as the thermodynamic working fluid or as a heat transporting
medium, Ceramic-to-metal seal technology is used in a bore seal which
is needed in either a motor or inductor alternator. If isolates the more
vulnerable portions of the design from the corrosive effects of the
alkali-metal working fluid.

This report is one of three topical reports prepared under NASA Con-
tract NAS 3-4162 for the Lewis Research Center. The others, in the
area of electric materials, include; Magnetic Materials (WAED 64. 52E)
and Electrical Conductor and Insulation Materials (WAED 64.53E).

One portion of the program was concerned with the determination of com-
patibility at elevated temperatires (1000 to 1600°F), of selected ceramic
materials, such as alumina and beryllia, and ceramic-metal joining sys-
tems for bore seals with very high-purity NaK, K and Li. The metal
member of the test assemblies to be used in this work was selected as
Columbium alloy Cb-1Zr with limited consideration given to Tantalum
T-111 and Columbium D-43. The most critical area in bore seal tech-
nology is the ceramic-to-metal seal. Both refractory metal metalizing
with a braze and active metal brazing were used in joining the metal

and ceramic members. Static capsule tests were used for the evaluation
of alkali-metal compatibility. The determination and control of the purity
of the liquid metals in the capsules were stressed, particularly with regard
to the oxygen level.

A literature survey was conducted to identify existing information avail-
able on bore seal materials, joining methods, and alkali-metal compat-
ibility. Appendix A lists the more applicable documents found, In gen-
eral, thermophysical and mechanical properties of ceramics and metals
were found to be quite adequately documented in the literature. One ex-
ception was in the crecp and welding characteristics of refractory metals.
These areas however, are being investigated under other sponsored pro-
grams so no effort was undertaken on the current program.



Very little useful information was found in the unclassified literature

on joining systems using ceramics and metals which are to be used in
the alkali-metal environments being considered on the current program.
In many cases, the purity and fabrication history of test specimens were
not reported and the purity of the alkali metal was not known. The major
portion of this program was therefore directed toward these areas and
with emphasis on higher test temperatures.

This report is arranged in three technical areas. Section 11 defines

the applications of hore seals to actual designs and discusses ceramics,
metal members, and joining techniques. Section III describes test
methods and the material chemistry. Section IV presents a summary
of the thermophysical and mechanical properties of interest in the bore-
seal design,



SECTION I1I

TECHNICAL DISCUSSION

APPLICATION OF BORE SEALS TO ELECTRIC POWER SYSTEMS

USING ALKALI METALS AS WORKING FLUIDS

1. General Requirements

Working fluids and coolants used in turbine-driven space power
applications must operate at high temperatures to reduce waste
heat radiator weight. The thermal and physical properties of
alkali metals such as potassium, sodium and cesium make them
suitable for use as high-temperature working fluids in the vapor
state., Lithium and sodium-potassium eutectic are useful as heat
transport fluids,

Electrical insulation materials which are presently available are
subject to corrosive attack by alkali-metal liguids and vapors.
Therefore, electric power system components that operate in an
alkali-metal environment must include a means of protecting the
insulation system from this environment,

In the case of rotating electrical equipment, the stator insulation
is protected by a stator bore seal which forms a hermetically
sealed stator cavity in combination with the stator housing, All-
metal bore seals have been used in some previous motor designs
which operate at 60 cps. The designs covered in the present
program make use of a combination of ceramic and metal bore
seal components. High frequency operation results in a consid-
erable motor or generator weight reduction compared to low fre-
quency machines, and the use of ceramics in place of metals
results in a more efficient machine at high frequencies. Gener-
ator and motor rotors must be made of materials which resist
alkali-metal-induced corrosion or be enclosed in a protective
can,

This study has been limited to solid rotor inductor generators




having either a radial gap or an axial gap; the gap being the length
between the rotor pole face and the stator stack. The radial gap
design requires a cylindrical gap liner with radial clearance be-
tween the liner ID and the rotor OD., The axial gap design requires
pancake type ceramic seals in the gaps with axial clearance be-
tween the rotor pole faces and the seal members., A motor would
be constructed in a manner similar to a radial gap generator.

To perform properly, a stator bore seal assembly of either design
must meet several requirements,

a) The materials used must be physically capable of oper
ation at temperatures of 1000°F and higher.

b) The materials must be impervious to attack by alkali-
metal liquids and vapors.

c) Joints between seal components and between the seal
assembly and housing must be vacuum leak-tight,

d) The seal material used in the air gap must have high
electrical resistivity to minimize eddy current losses.

e) Air gap (seal plus clearances) must be as small as
possible so that an excessive number of field coil ampere-
turns are not required to overcome the reluctance of the

gap.

f) The various materials used in the seal assembly must
have mutually compatible physical properties.

The need for a high electrical resistivity bore seal material in the
gap imposes a severe restriction on material selection. Metals
are unsatisfactory as gap materials in most applications because
of electrical conductivity characteristics which can cause large
eddy current losses. Metals can be used as structural members
away from the winding area.

Alumina and beryllia are two ceramic materials that combine a
high electrical resistivity with mechanical properties and high
temperature capabilities suitable for the application. However,
problems such as joining metals to ceramics to make leak-tight,
corrosion-resistant joints, maintaining mechanical integrity in



spite of thermal stresses and maintaining clearances over a given
temperature range, must be solved before a specific design will
function properly.

2. Bore Seals - Types and Design Requirements

a. AXIAL GAP GENERATOR BORE SEAL DESIGN

Figure II-1 shows one possible configuration of an axial gap
inductor generator with a bore seal. The numbered compo-
nents are identified in Table II-1. Many design details of

the generator are omitted, and the bore seal component thick-
nesses are exaggerated to emphasize this assembly.

The ceramic discs (1) fit in the air gap (17) beiween the stator
laminations (11) and the rotor pole faces {13). The discs are
positioned by metal cylinders (5 and 6) through the flanged
metal washers (3 and 4), Metal-to-ceramic joints (7) are
brazed and metal-to-metal joints (8) are welded. Ceramic
washers (2) are provided to share the shear and tensile
stresses caused by differential thermal expansion at the
ceramic-to-metal joints (7). The bore seal assembly is
located and supported by integral ring flanges on the gener-
ator magnetic frame (9). Convolutions on the inner metal
cylinder (6) are provided to reduce the axial loads resulting
from differential thermal expansion between the inner and
outer metal cylinders.

In a specific design for a bore seal of this type, the effects

of the thermal environment must be carefully considered.
Clearances in the air gaps must be maintained over the entire
temperature range to which the generator is subjected, In
the radial direction, thermal stresses in the brazed joints
must be kept low to prevent failure of a joint, and stresses

in the ceramic discs must not cause dishing and cracking of
the ceramic, Caution is required during welding of the bore
seal into the generator to insure that the stator windaing and
insulation systems are not overheated or damaged.

While interest in this type of construction was fostered in

early designs, recent efforts have been shifted to the radial
gap configuration because stress problems using ceramic i
cylinders have been less severe than those encountered us-
ing cerami~ discs, i
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FIGURE II-1, Bore Seal Assembly, Axial Gap Inductor Generator




TABLE II-1, Axial Gap Bore Seal Assembly - List of Compouncnts

Item
No. Description
Bore Seal Components
1 Disc - Ceramic (2)
2 Washer - Ceramic, Brazed Joint (4)
3 Washer - Inner, Metal, Flanged (2)
4 Washer - Outer, Metal, Flanged (2)
5 Cylinder - Outer, Metal, Flanged (2)
6 Cylinder - Inner, Metal, Convoluted
T Joint - Brazed (4)
8 Joint - Welded (6)
Generator Components
9 Frame - Magnetic
10 Coil - Field
11 Lamination - Tape, Toroidal (2)
12 Conductor - Stator
13 Pole - Rotor
14 Shaft - Rotor
15 Key - Shaft
16 Housing - Non-magnetic
17 Air Gap
18 Ring - Flange
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b. RADIAL GAP GENERATOR BORE SEAL DESIGN

Figure II-2 shows a configuration for a radial gap inductor
generator bore seal design. The numbered items are iden-
tified in Table I1-2. Most of the design details in the gen-
erator have been omitted to emphasize the bore seal assem-
bly, and the thickness of the bore seal components has been
exaggerated. A ceramic cylinder (1) fits in the air gap (15)
between the stator laminations and the rotor pole tips (11).
A metal section could replace the ceramic in the area be-
tween the two laminated stacks (9), but doing so adds two
additional brazed metal-to-ceramic joints which are not
required with single piece construction. Metal end pieces
(3 and 4) are brazed (5) to the ceramic cylinder and welded
(6) to the generator frame brackets {12). Ceramic end rings
(2) are added at the brazed joints to share the radial shear
and tensile stresses caused by radial differential thermal
expansion. The metal end piece (3) provides convolutions
at one end of the bore seal to relieve axial stresses caused
by axial differential thermal expansion. The raetal end
piece (4) at the opposite end of the seal may also function

as a diaphragm to relieve axial stresses.

In a specific design for a radial gap bore seal of this type,

the effects of thermal environment must be considered., As
with the axial gap design, clearance in the air gap between
the ceramic cylinder and the rotor pole faces must be main-
tained over the temperature range to which the generator is
subjected. Thermal stresses in the radial direction must

be kept low enough to prevent shear failures of the brazed
joints during operational temperature excursions. The bore
seal assembly must be welded into the stator after installation
of the stator windings and insulation system. The joints must
be accessible for welding and must be located to insure that
welding and post-weld heat treatment do not damage the
stator insulation system.
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TABLE II-2. Radial Cap Bore Seal Assembly - List of Components

Item
No. Description
Bore Seal Components
1 Cylinder - Ceramic
2 End Ring - Ceramic (2)
3 End Piece - Metal, Convoluted
4 End Piece - Metal, Diaphragm
5 Joint - Brazed (2)
6 Joint - Welded (6)
Generator Components
7 Housing - Magnetic
8 Coil - Field
9 Laminations - Magnretic (2)
10 Conductor - Stator
11 Pole - Rotor
12 Bracket - Non-magnetic (2)
13 Shaft - Rotor
14 Shield - Inerting
15 Air Gap

10



C. DESIGN CONSIDERATIONS FOR BORE SEAL ASSEM-
BLIES

The temperature range over which a bore seal assembly must
maintain physical integrity and chemical compatibility with
alkali metals is the primary design consideration. Stresses
created by differential thermal expansion increase as the
effective temperature range is increased, and the corrosion
resistance capabilities of the various materials decrease
with increasing temperature level.

Figure II-3 is a plot of cumulative length change per unit
length versus temperature for several bore seal materials
based on an initial temperature of 77°F. All of these poten-
tial bore seal materials (except columbium-1% zirconium)
show an expansion rate that increases with increasing tempera-
ture. The rate of change is greater for the ceramics than for
the metals. Once installed in the stator, the bore seal will
be exposed to temperatures ranging from room temperature
or lower to 1290 - 1500°F, depending on the application,
Temperatures of 2000°F and higher will be required to form
the brazed and welded joints, resulting in large residual thermal
stresses when the joint is cooled. Stress relieving operations
should be carried out on both hrazed and welded joints to re-
duce the initial assembled stresses as much as possible. The
bore seal design must accommodate any residual stresses
plus those caused by temperature changes from ambient

when the generator is non-operative and cold and also when it
is operating at temperature. Generator frame thermal ex-
pansion characteristics must also be considered since the
frame forms part of the sealed cavity. Rotor thermal ex-
pansion characteristics are important as clearance between
rotor pole tips and the bore seal air gap member must be
maintained at all temperature levels,

Installation of the bore seal in the stator requires the forming
of welded joints. Fusion type welded joints can be formed by
electron beam welding in a vacuum or by tungsten inert gas
welding in a controlled atmosphere. The electron beam process
has a smaller heat-affected zone which results in less weld
contamination and less severe aging problems. Post-weld

heat treatment of the refractory metal member will be re-
quired to prevent embrittlement and/or reduce alkali metal
attack in the weld zone. This may be done by proper posi-

11




tioning chill blocks and heating the weld zone with a de-
focused electron beam or other appropriate method.

The most common method of constructing ceramic-to-metal
brazed joints for radial thermal stress resistance is to
sandwich a thin gage metal washer between the main ceramic
member and a ceramic ring, so that both sides of the metal
member are brazed to ceramic material. This procedure
results in a sharing of radial shear stresses in the brazing
material on each side of the metal member and minimizes
bending moments between the metal and ceramic. In most
cases, axial stresses can be limited by a flexing diaphragm
or by adding convolutions as required to cylindrical metal
members.

Ceramic materials display good strength properties in
compression but relatively poor properties in tension.

This characteristic must be considered in designing the
ceramic members of a bore seal assembly particularly in
using flat discs such as are required in the axial gap design
discussed previously. Annular ccnvoluted washers have not
been particularly successful in absorbing radial stress
buildups, and dishing of ceramic discs can cause tensile
failures that result in cracks through the thickness of the
disc,

12
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d. BORE SEAL JOINT STRESS ANALYSIS

A bore seal for a radial gap inductor geaerator is shown in
Figure II-2. By incorporating a bellows or diaphragm sec-
tion, the axial stiffness of the assembly can be reduced con-
siderably. Such arrangements can absorb most of the axial
differential thermal expansion between the seal members
and the generator frame with low axial loads. Thus, axial
stresses in the ceramic members and the critical metal-
ceramic joints are kept low.

For axial gap machines (Figure II-1), similar considerations
are required. In addition, the design must insure that there
is no axial interference (rubbing) between stationary and
rotating components. Rubbing is a potential problem with both
type machines, it is easier to maintain clearance in a radial
gap type, since an axial gap seal tends to warp.

Primary efforts on this program have been associated with
the bore seal for the radial-gap machine, The determin-
ation of stresses, particularly in the metal-ceramic joints,
requires the construction of mathematical models of the

seal components. Models have been constructed assuming
no deflection in the quarter-toroid sections between the
cylindrical and diaphragm sections. A similar assumption
was made in the analysis of bellows sections. The deflection
of the resulting diaphragm section is shown in Figure I1-4,

A solution for this type of loading and deflection provide
the relationship

Wnax = KP a2/Eh3 (1)

where K =f(a/b)
E = Modulus of elasticity
P = Load

Wmax = Total deflection of diaphragm

(1) S. Timoshenko, Strength of Materials, Part II, 3rd Ed.
D. VanNostrand Co., Inc., 1956

14



FIGURE 11-4. Bore Seal Stress Model

The factor K increases as a function of the outside to inside
radius ratio a/b. The inner radius b and the product Eh3
Wmax may be considered constant for a given design., Then
the axial load P will be inversely proportional to the pro-
duct Ka2 and it can be significantly reduced by increasing
the radial depth (a-b) of the diaphragm.

If the diaphragm depth is limited by the generator, a bellows,

although less reliable, may be used., If this should be nec-

essary, the bellows may be considered as a number of dia-

phragms (two per convolution) in series. The axial deflec- X
tion per diaphragm will be £ Wmax/2n (where n is the number :
of convolutions and = Wmax is the total deflection absorbed Cd
by the bellows). The simplified analysis of diaphragms was ‘
applied to the welded bellows of Figure II-5. A similar

bellows had been tested under compressive loads but assembled
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(welded) dimensions are unavailable. Drawing dimensions
of the parts, with an assumed weld depth of 1/16 inch, were
used in the analysis. Results are indicated with the test
values in the table below. Three of the four calculated loads
are within 6 percent of the test loads. While these calcula-
tions do not establish the accuracy of this approach, they do
tend to support the suitability of the analysis for preliminary
design estimates.

Test Calculated
Deflection Load Load Deviation
(inch) pounds) (pounds) (percent)
0. 0015 25 30.9 23.6
0.0016 35 33.0 - 5,7
0. 0022 45 45,4 0.9
0.0025 50 51.5 3.0

The stress of the diaphragm is determined through the equa-
tion(2) 8 = KsP/h2 = (EhKs Wmax)/(Ka2). The factor Kg also
increases with the radius ratio a/b but the ratio Kg/K de-
creases with increasing radius ratio, Following the previous
assumptions, the diaphragm stress, proportional to Ks/Ka2,
will decrease with increasing diaphragm depth. The approx-
imate stresses of the bellows diaphragms can be similarly
determined.

A detailed radial stress analysis for a similar type joint is
contained in Aeronautical Systems Division Technical Docu-
mentary Report No. ASD - TDR - 63.677, dated July 1963.

(2) S. Timoshenko, Strength of Materials, Part I, 3rd Ed.
D. VanNostrand Co., Inc.,, 1956
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DISCUSSION OF MATERIAL PROPERTIES

1. General Discusgsion of Bore Seal Materials

The long term stability of ceramic-metal bore seals is a function
of both physical and chemical environment produced by alkali
metal and vapor at elevated temperatures, Other space power
oriented programs have as their objective the development of
metals and metal joining systems capable of performing under
these conditions.

The work on this program has been concentrated in the area of
ceramics and ceramic-metal joining systems which may be suit-
able for these environments. The metal member in most of these
assemblies was columbium-1% zirconium alloy. This alloy has
good hot strength and excellent resistance to potassium. A screen-
ing of columbium base D-43 (Cb-10W-1Zr-0, 1C) and the tantalum
base alloy T-111 (Ta-8W-2Hf) for back-up were included in the
program. The latter two alloys exhibit higher strength (Figures
I1V-18 and 1V-24) and excellent alkali metal corrosion resistance,
The normal ceramic-metal sealing requirements of matching
thermal expansion and low yield strength are not fully satisfied

by these low-expansion refractory alloys with high elevated-
temperature strength. The Cb-1Zr alloy which approaches alumina
in thermal expansion will be assumed satisfactory unless positive
contrary evidence develops in the design evaluation.

Preliminary information on another program (3) indicates that low-
oxygen Cb-1Zr and D-43 ailoys show excellent corrosion resistance
in high-purity potassium after extended exposure at 2000°F,

High temperature creep(4) and welding and aging(5) properties
under closely controlled test conditions are being determined on

(3) Evaluvation of High Strength Columbium Alloys for Alkali Metal C.atain-

(4)

(5)

ment, NASA Contract NAS 3-2140 by General Electric SPD.

Generation of Long Time Creep Data on Refractory Alloys at Elevated
Temperature, NASA Contract NAS 3-2545 by Thompson Ramo Woold-
ridge Corp.

Determination of the Weldability and Elevated Temperature Stability of
Refractory Metal Alloys Contract, NASA Contract NAS 3-2540 by
Westinghouse Astronuclear Laboratory.
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current programs,

Since the ductile -brittle transition temperature is increased in
columbium- 1% zirconium alloy as a result of welding, a post-
weld anneal is required. A post-weld heat treatment of 2200°F
for one hour (LB 161)(8) in a vacuum of 10-5 torr is adequate for
Cb-1Zr with nominal oxygen content. Aging and thermal treat-
ments for this alloy were found to be sensitive to oxygen con-
tamination.

Welding of columbium D-43 alloy by electron beam or ky TIG
welding in a vacuum-purge chamber raises the ductile-brittle
transition temperature considerably. Recommended post-weld
anneals for columbium D-43 range from eight hours at 2200°F
to two hours at 2400°F in a vacuum of 1072 torr or less.

The tantalum T-111 alloy has not exhibited aging tendencies and
therefore does not require a post-weld anneal,

Of the three candidate materials for the metal portion of the bore
seal, columbium-1% zirconium, D-43 alloy and tantalum T-111
alloy, the T-111 has the highest creep strength and the lowest
creep rate. For purposes of comparison, a summary of existing
creep and rupture data obtained by varicus investigators on 0. 01%
inch thick sheet is presented on the Larson-Miller plots of Figurc
II-6. Sample thickness affected the creep rates of T-111 (LB 180)
and D-43 alloys /LB 181). The rupture times for the D-43 alloy
were insensitive to samply thickness (LB 132). The meager rup-
ture data available for the columbium- 1% zirconium alloy indi-
cate the Cb-1Zr was probably tested in a relatively low-purity
atmosphere. Those portions of the bore seal which require high-
creep strength should be made from the T-111 type of alloy.

Ceramics suitable as the ceramic member of bore seal assem-
blies have not previously been systematically or quantitatively
evaluated in high-purity-alkali-metal environments. The thermo-
dynamic considerations of high alumina and beryllia ceramics

had been reviewed by Eitel-McCullough on 2 related program (7).

(6) Numbers preceded by LB indicate bore seal reference tabulated in
Appendix B.

(7) Westinghouse Sub-Contract on SPUR Project AF33(650) 10922,
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The alkali metals or their vapors have two general modes of attack
on ceramics.

a) The selected alkali metal is capable of reacting with
any oxide that is thermodynamically less stable than
the alkali-metal oxide.

b) The aikali metal may contain dissolved alkali oxide
which can react with the ceramic to form compounds,
This process normally proceeds much more rapidly
at the grain boundaries. The decreasing order of
thermodynamic stability of potentially usable refrac-
tory oxides, at room temperature, is given in Table
11-3(8),

The free energies of formation of some additional rare earth oxides
are presented in Table I1I-4. In Figure II-7 the free energies of
formation of selected oxides are plotted versus temperature. While
the kinetics of reaction rates are also important, the free energies
represent the most readily available data for preliminary screen-
ing of materials.

From the data shown it is clear that several pure oxides will re-
sist alkali metals. Thus, potassium will be resisted by CaO, ThOg,
BeO, MgO, Lag03, SrO, Y903, BaO, HfOg, and Al203 in that order,
or a modification of that order depending on the source data used.
With lithium the list is reduced, but the first four oxides are still
promising. The oxides of La, Sr and Y will be borderline while
those of Hf and Al can be expected to be severely attacked. Most

of the rare earths display favorable free energies of formation

as shown in Table I1-4. However, some of the promising ceramics
have other deleterious characteristics (i.e. hygroscopicity, poor
shock resistance) while others are available on a development

basis only,

Silica in the form of quartz will resist potassium up to at least
600°F, In the form of glass and/or combined with other oxides

the thermodynamic stability of silica is decreased (LB83). A
number of these materials have been tested in alkali metals by
various investigators (LB 138, 145, 149). Although the experimen-
tal results generally substantiated the thermodynamic predictions,

(8) Westinghouse Sub-Contract on SPUR Project AF33(650) 10922,
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TABLE I1I-3. Free Energy of Formation of Oxide Ceramics (@)

Compound Melting Point -A G°298°K
°K °F kcal/g-atom
CaO 2873 4710 150. 65
ThO9 3573 5970 146. 60
BeO 2823 4620 143. 10
MgO 3073 | 5070 143. 80
LagOg 2578 4180 142, 85
SrO 2688 4380 141, 10
Y903 2683 4370 140, 00
BaO 2190 3485 133.50
HfO9 3083 5090 133. 03
Ai9O3 2313 3700 133, 20
ZrO9g 2950 4850 130. 75
U0y 3148 | 5207 129.60
CeOq 28173 4710 122,50
TiOg | 2113 3345 112,75
3109 2001 3140 104, 95
V9Og 2250 3590 98.67
Ta9Ox 2163 3430 97,76
MnO 2053 3235 92. 05
NiO 2223 3540 57.30

(a) Coughlin, U, S. Bureau of Mines Memorandum, p 542, 1954
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TABLE II-4. Free <nergy of Formation of Some Rare Earth Oxides

Melting Point

Free Energy (- A F kcal/mol) (@)

Oxide °K °F 208°K T000°K
v,05 | 2683®) | 4370 - 798 -346.5
Lag0g | 2578%) | 4180 -406 -357.8
Ceq03 | 1960 3070(c) -411.5 ~356.5
Ce0, | 28730) | 4710 -230 -194.5
Pry05 -420 -376
PrgO1g -1302 -1333
Pro -217.5 - 187
NdyO3 | 2173 3450(c) -408 -354. 7
Smy03 | 2573 4170(c) -410 -366

(a) Compilation of the Properties of the Rare Earth Metals
and Compounds by J. A. Gibson et al, May 1, 1959,

Battelle Memorial Institute, Columbus, Ohio.

(b) Coughlin, U. S. Bureau of Mines Memorandum, p 542,

1954

(c) Reference LB 179
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data was often qualitative and varied according to test conditions
and source. Important variables wnich are not fully documented
are; the effects of material composition and purity, fabrication
history, and alkali-metal purity.

With the polycrystalline high alumina (>94% Al03) and beryllia
(0>95% BeO) bodies, attack by potassium occurs at the grain bound-
aries where fluxing additions to the ceramic and impurities are con-
centrated. The most common fluxes contain silica, calcia and
magnesia, of which silica is the most susceptible to reactions

with the alkali metal oxides.

This is confirmed with the empirical evidence on this program.
Alumina (Lucalox, G. E.) and beryllia (Thermalox 998, Brush
Beryllium Co, ) ceramics fluxed largely with magnesia and some
calcia can be fabricated with silica levels of less than a hundred
parts per million. This low silica level is a requisite for long
term stability at elevated temperatures (1600°F to 1800°F) in
alkali-metal environments. Shorter duration or lower tempera-
ture applications may tolerate several hundred parts per million
silica. In each of these cases, silica is assumed to be the most
significant corrosion sensitive component in the flux. These low
flux bodies are recent developments and fabricability is limited.

Sapphire and Lucalox are not available in the large cylindrical
bore seal geometries and will not be available for a number of
years. The largest cylinder presently manufactured by the Lucalox
process is four inches in diameter while sapphire is not available
in sizes greater than two inches in diameter, Thus, the high-
purity 99. 8 percent and greater beryllia ceramic appears to be the
most stable of the available commercial ceramics suitable for bore
seal fabrication. The rare-earth oxides potentially offer better
stability than beryllia and could probably be fabricated into bore
seal geometries, if required, but much work remains in determin-
ing the fabricability and properties of bodies made from these
oxides.

By consideration of the following discussion and the Material Prop-
erties Summaries contained in Section IV of this report, the »
designer will find that purity level and product history of ceramics
are significant factors in performance of the parts. The curves
of thermal conductivity versus temperature at three purity levels
of beryllia are presented in Figure IV-2 showing the desirability
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for high purity when high-heat transfer is required. The necessity
for high purity beryllia and alumina for alkali metal containment was
emphasized previously.

Nominal values of the mechanical properties of commercially
available high-temperature bore seal materials are presented in
Section IV. Generally, they have excellent temperature tolerance.
These data reflect standard values, Strength of polycrystalline
oxides are affected by grain size, porosity, surface conditions,
environment and loading conditions. It is, therefore, as important
to know the thermal history of a ceramic which is selected for
critical applications as to know the purity.

The modulus of elasticity presented in Figure 1V-12 refle-ts the
findings of a number of investigators including Wachtman (LB65),
Swartz (LB85), Coble (LB174). It was noted that there is a grad-
ual decrease in elastic modulus in polycrystalline alumina to about
1600°F. At higher temperatur: :: non-linear drop was observed.
This drop has been attributed to grain boundary slip. Therefore,
factors which promote slip will accentuate :%is drop in strength.
For instance, presence or formation of a giassy phase will induce
slip, Beryllia follows a similar trend (Figure IV-6).

The effect of grain size on the mechanical properties of beryllia
and alumina were reported in LB 165 and LB 187. The elastic
modulus of polycrystalline alumina is essentially independent of
grain size to 2500°F. However, as shown in Figure IV-13, the
flexural strength of fine-grain alumina (1 to 15 microns) is sub-
stantially greater than for alumina of larger grain size. This
holds true over the entire temperature range being considered
(LB 188).

Although thermal expansion is relatively unaffected by varying
porosity, the porosity (or relative density) of polycrystalline
oxides must be stipulated and maintained in order that consistent
mechanical properties of the insulation be realized., Coble and
Kingery (LB 174) report a sharp decrease in the modulus and
strength of polycrystalline alumina with increased porosity.

Electrical properties of alumina and beryllia oxides are more

sensitive to impurities than are the mechanical properties, In
general, the dielectric constant of aluminum oxide rises expo-
nentially with temperature at low frequencies (e.g., 1000 cps).
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At higher frequencies, it rises gradually at a shallow slope as
temperature increzases. Of the cationic impurities, magnesium
causes the greatest rise in dielectric constant followed by sili-
con, titanium, calcium, chromium, and iron, Silica has by far
the greatest detrimental effect on dielectric losses (LB 114).

The conventional method of joining a ceramic member to a metal
is accomplished by applying a metallic coating of molybdenum to
the ceramic; then brazing the resultant metalized ceramic to the
metal member by standard techniques., When very high-purity
(low flux) ceramics are used, a non-metallic glassy phase is in-
corporated into the metalizing paint. When fired, the glassy
phase wets the ceramic and the molybdenum thus promoting the
ceramic to metal bond.,

For alkali metal systems, the constituents of the non-metallic
glassy phase and the refractory metal primary phase must be
compatible with the alkali metal vapor. Conventicnal metalizing
compositions containing MnO and/or TiO9 do not meet this require-
ment.

Another ceramic-metal sealing system in limited commercial use
is the titanium-nickel active alloy braze process. Such active
alloys react chemically and bond to the ceramic body, thus elim-
inating the necessity of metalizing. In joining a titanium-bearing
active alloy seal to alumina, for example, the titanium may chemi-
cally reduce a finite amount of alumina by the reaction (LB 103)

2Ti + AlgOg —3 Al + Tip03,

providing an interiace containing TigOg. This compound and alum-
inum are less stable in potassium than the AlpOg (Figure II-7)
or metallic titanium.

The chemical compatibility of the active metal alloy and subse-
quent interface reaction products must, therefore, be considered.
In this respect, active brazing alloys utilizing zirconium, hafnium,
or yttrium as the more active component are thermodynamically
more promising than titanium dominated alloys. In addition, ducti-
lity, thermal expansion, melting point and reactivity with the metal
member must be considered.

The experimental portion of the ceramic-to-metal se¢al work of the
current program was established with these criteria in mind.
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One portion of the seal development work on this program involved
the evaluation of thermodynamically stable rare-earth oxide secon-
dary phases in a refractory metal metalizing base. Alkali-metal-
compatible single-phase metalize coatings were also investigated.
Although some high-strength seals were made with alumina using
these metalizings, fhe seals were unsatisfactory because of their
brittleness, low shear strength, or because the metalizings were
rapidly eroded by the brazing alloys. Seals made with 99. 8 percent
beryllia by the above methods exhibited low strength.

Electroformed seals using nickel plating, although vacuum tight,
proved to be too low in strength for load-bearing applications.

The seals which were subjected to alkali metal exposure on this
program were all fabricated by the active-metal process. The
active allcys which were selected for ceramic-to-metal joining
evaluation (Table I1I-5) were heing evaluated elsewhere for brazing
refractory alloys and for alkali-metal compatibility (LB 20, 24,
156, 160). Assemblies made from several alloys exhibited satis-
factory mechanical properties after exposure to alkali metals for
500 hours at 1000°F and 1600°F.

2. Discussion of Results

a. CERAMIC GAP LINER MATERIALS

The compatibility of the ceramic material to the selected
environment was considered in a previous section on the
basis of thermophysical data. The free energy of formation
of the metallic oxides present in the ceramics, including
any {luxing materials or impurities, was used to anticipate
the relative effect of alkali metal exposure on the various
ceramics,

Alumina ceramics were obtained in the form of dense modulus-
of-rupture bars approximately 0. 1 inch x 0. 1 inch x 1. 0 inch
with various compositions between 94 and 100 percent Al9O3

to determine strength degradation from potassium exposure.
Silica content, representing the least thermodynamically
stable of the more common fluxing agents, was the primary
variable, The nominal compositions and associated emission
spectrographic analyses of the selected bodies are shown in
Tables 11-6 and II-7. A high-purity, low-silica, beryllia body
was obtained from Brush Beryllium Company for evaluation.
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TABLE II-5. Experimental Alloys for Brazing Columbium and
Columbium Alloys

Reference | Nominal Alloy Composition Flow Point
Number Number (weight percent) (°F)
1 LB 20 67Zr-29V-4Fe 2370
2 LB 20 60Zr-25V-15Cb 2335
3 LB 20 48Zr-48Ti-4Be 1920
4 LB 20 63Ti-27Fe-10Mo 2280
5 LB 20 63Ti-27Fe-10V 2340
6 LB 20 68Ti-28V-4Be 2280
T LB 20 45Ti-40Zr-15Fe 1920
8 LB 20 75Zr-19Cb-6Be 1920
9 LB 20 46Ti-46Zr-4V-4Be 1830
10 LB 20 95Zr-5Be 1830
11 LB 20 62Ti-26Fe-8Mo-4Zr 2280
12 LB 20 80Zr-17TFe-3Be 1830
13 LB 24 56Zr-28V-16Ti (AS-537) 2280

29




TABLE 11I-6, Nominal Composition of Selected Ceramics

Col:ll[;tji%ent Flux(P‘hgse or Impurites
(weight weight percent)

Ceramic Body percent) MgO Ca0 8i0, Other
Linde Sapphire 190 Al504 -- -- -- --
Lucalox (G.E.) 99.75 AlyO4 0.25 -- -- -
Ei3-3W (Wesgo) 99.7 AlyOg 0.1 0.1 0.1 0.01
AD 99 (Coors) 99 Al9O3 0.25 1 J.25 0.5 0.1
AD 94 (Coors) 94 AlyO3 1.0 1.0 4.0 0.1
Thermalox 998 | 99,8 BeO 0.130@)| 0.0085@ | o0.008®) 410.015®@
(Brush Beryllium) Fe 0.006(@)
Dysprosium Oxide | 100 Dy5O4 .- -- -- -

(Eimac)

(a) Lot analyses on supplied material, All other elements present at
less than 0. 003 percent (30 ppm).
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For long term compatibility in lithium, a more stable ceramic
such as beryllia is required.

Dysprosium oxide was obtained from the Rare Earth-Uranium
Mining and Development Corporation in their highest obtain-
able purity. The material vras ball milled in methanol for 30
minutes in an alumina ball mill, pressed into 1/2 inch diameter
discs 1/8 inch thick under pressure ot 44 tons per square inch,
and sintered in hydrogen w'*h a 100°F dewpoint for 30 minutes
at 3270°F. The sintered pellets showed a porosity of 50 per-
cent.

Emission spectrograph data showed unacceptably high im-
purity concentration (MgO and SiO9) at this point mcking
potassium exposure unwarranted,

All bodies, except the dysprosia had suitable density. All
bodies except dysprosia were free of surface porosity as
determined by a Rhodamine B dye test. The beryllia bodies
retain a faint uniform color which is within acceptability
limits.

One of the prime requisites of this program was the deter-
mination of ceramic and ceramic seal compatibilities with

very pure alkali metals under test conditions that minimize
contamination, especially by oxygen or oxygen donors,

It had been reported that the presence of oxygen in alkali
metals, or its availability in the test system, would acceler-
ate corrosion of metals (9%. Therefore, on this program,
ceramic test specimens coniaining various oxide meodifiers
were tested in individual test capsules to eliminate cross
contamination. Other capsules containing a mixture of several
ceramic test bars with silica content as high as four percent
were loaded under identical conditions.

(9) J. R. DiStefano and A, P, Litman, Effects of Impurities in Some
Refractory Metal-Alkali Metal Systems; Corrosion, v. 20,
Ncovember 1964
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The selected ceramics were exposed to potassium vapor in
static capsule ‘ests at 1600°F + 30°F(10) for 500 hours in
vacuum cf 10-6 torr. Control bars from the same lots were
exposed to the temperature only in vacuum. The starting
oxygen impurity level of the potassium in the loaded capsules
ranged from less than 10 ppm to 26 ppm as determined by
analyzing the contents of similar (purity tcst) capsules loaded
at the same time, Oxygen analyses were made by the mer-
cury amalgamation and titration method. All ceramics were
subjected to a one-half hour 1700°F clean firing in a T5Ng-
25H9 atmosphere with a 86°F dewpoint before any special pro-
cessing or testing.

After the capsule exposure tests, the potassium exposed samples
were neutralized in methanol and water. The samples were

then dried in a vacuum oven for approximately one hour at
230°F. The control pieces were dried at the same time. The
exposed and control samples were then flexural-strength

tested at the same time using an Instron universal testing
machine with a four point loading fixture (Figure I11-8).

The inner and ouier load points were 0.25 and 0. 80 inches

apaxrt respectively. The loading rate was 0.1 inch per minute.

Flexural strengths of the cleaned fired ceramics and of the
ceramics exposed to vacuum and to potassium vapor at 1600°F
are shown in Table II-8, Ceramic exposure data at 1000°F

in potassium, sodium-potassium eutectic and lithium are given
in Table II-9. Photographs (macro and micro) of selected
alkali-metal-exposed specimens are shown in Figure II-8
through 1I-12,

Observation of exposure tests show that the lower alumina
bodies AD 94 and AD 99 were severely attacked by the 1600°F
potassium vapor. The round AD94 rods were partially eroded
while the AD 99 bars swelled approximately five percent,

The modulus-of-rupture strength of both bodies was less than
3,000 psi after exposure. The broken modulus bars showed
extensive discoloration throughout (see Figure I1-8).

(10) Vapor pressure of potassium at i800°F (870°C) in the capsules was
approximately 38 psi.
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TABLE 11-8. Effect of 500 Hours Exposure to Potassium Vapor at 1600°F
on Room Temperature Flexural Strength of Selected

Ceramics,

Room Temperature

Flexural Strength(e)

Room Temperature

Flexural Strength(e)

Control
Specimens After

Room Temperature
Flexurxl Strength(e)
Exposed Specimens After
1600°F, 500 hrs in
Potassium(d) Vapor

Unexposed Control 1600°F, 500 hrs, (psi)

Ceramic Body(a) Key Specimens Vacuum only(b Mixed Not

(psi) (psi) Capsule(c)| Mixed
Thermalox 998 X 20 860 19 890 17 620 18 442
Beryllia s 1850 1 140 1210 1493
99, 8% BeO n 5 5 4 5
Sapphire X 63 070 78 450 59 670 76 120
Alumina s 21 100 4310 11 250 11 200
100% Al903 n 5 2 4 5
Lucalox X 34 030 33 050 29 813 29 360
Alumina ] 4 960 3 530 1243 1750
99.8% AlgOg n 5 2 4 5
Ei3-3W X 44 760 41 550 9 140 10 237
Alumina s 3 680 1 907 353 227
99.7% AlyO3 n 5 2 4 4
AD99D X 36 420 32 975 1082
Alumina s 1910 1235 312
99% AlyOg n 5 2 4
AD 940 x 56 600 1 080 2 360
Alumina s 5 990 1 006
94Y% AlyO3 n 5 1 4

capsules,

modulus-of-rupture specimens,

Key X - arithmetic mean
s - standard deviation
n - number of specimens tested

(a) See Table II-7 for composition of ceramic bodies,

(b) The standard deviation value for the samples subjected to vacuum-only exposure at 1600°F
is for reference and has little significance statistically with a sample size of 2 pieces.

{¢) Two "mixed" capsules containing two modulus-of-rupture bars of each ceramic were tested
in addition to the capsules containing five modulus-of-rupture bars of one ceramic type only.

(d) Oxvgen levels of 21 and 26 ppm were measured in the potassium in associated purity test

Analyses were made by the mercury amalgamation and titration method.

(e) Strength determinations were made by four point loading on 0. 1 inch x 0.1 inch x 1 inch

Load was applied at the rate of 0.1 inch per minute,

All test bars were fired to 1700°F for 30 minutes in 25H9-75N9 100°F dewpoint prior to

brazing or exposure testing. Vacuum or alkali metal exposure specimens were outgassed
in their respective capsules in a vacuum of 10-5
The chamber then was back-filled with high-purity helium.

torr at 1380°F and cooled in vacuum.
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TABLE II-9.

Effect of 500 Hour, 1000°F Exposure to Potassium, NaK
and Lithium Vapors on Room Temperature Flexural Strength
of High Alumina and Beryllia Ceramics

r
Room Temperature
Room Temperature Flexural Strength(e)
Flexural Strength\e) Exposed Samples
Ceramic Body(a) Key | Unexposed Controls | Alkali Metal 1000°F, 500 Hrs
(psi) (pst)
Ei3-3W x | 44760 k(b 41 980
Alumina s 3 680 3 320
99. % A1203 n 5 5
% Nak(© 19 902
s 2 330
n 5
Thermalox 998 | x | 20 860 x®) 19 046
Beryllia s 1 850 1710
99.8% BeO n 5 5
x L@ 18 108
S 1405
n 6

n - number

and titratign

_Iggy ;4 - arithmetic mean
s - standard deviation

(a) Sce Table II-7 for composition of ceramic bodies; ceramics treated
in same manner as described in note in Table I1-8.

(b) Loaded capsule oxygen level of less than 10 ppm was measured on
associated purity test capsule. Analysis by mercury amalgamation

(c) Loaded capsule oxygen levels of less than 10 ppm were measured
on two associated purity test capsules. Analysis by mercury
amalgamation and titration method.

(d) The purity test capsule Jeaked after loading; no meaningful infer-
ence of oxygen or nitrogen content of lithium in the test capsule
could be made.

(e) Strength determinations were made by four point loading on 0.1
inch x 0.1 inch x 1.0 inch modulus-of-rupture specimens. Load
was applied at the rate of 0.1 inch per minute.

of specimens tested

method,

— —
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THERMALOX 998 g~
(BeO) -

AD99(Al>03)~ . .

LUCALOX (Alzos)\&
SAPPHIRE (Al0 v

3)
EI13-3(Ai203)

Figure II-8. Ceramic Modulus-of-Rupture Bars (one inch long)
Before and After Potassium Exposure at 1600°F,

Maciophotographs of (top) typical round and square M-of-R

bars before K exposure and (bottom) typical identified M-of-
R bars after 500 hours in K vapor at 160C°F; broken during

M-of-PR testing.
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FIGURE 1I-9. Photomicrographs of Ei3-3W Alumina Before and After
500 Hour, 1600°F Potassium Vapor Exposure. Noct Etched.
Before Photo Reduction.
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FIGURE 11-10. Photomicrographs of Sapphire, Lucalox and Thermalox 998,

Before and After 500 Hour, 1600°F Potassium Véipor Exposure.
HF Etch (10%) 5 seconds on BeO Samples, None on Others.
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FIGURE II-11, Photomicrograph of Lucalox After 500 Hours in
Potassium Vapor at 1600°F, (400X). Not Etched.
Note surface grain boundary attack. Pullouts at
the surface may be initiated by intergranular
penetration by potassium.
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FIGURE I11-12. PhotomicrogralLh of Thermalox 998 After 500 Hours
in Potassium Vapor at 1600°F, (400X). Surface
Grain Area. Not Etched. Note absence of inter-
granular attack or grain pullouts,
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The Ei3-3W alumina body was attacked at 1600°F resulting
in a 75 percent reduction in modulus-of-rupture, Significant
grain boundary corrosion and reaction is indicated by the
wide inter-crystalline gaps shown in Figure II-9, These
gaps were noticeable throughouvt the sectioned bar., The
broken bars were moderately darkened throughout (see Fig-
ure I1-8). The silica content of these bars is shown by two
sources in Table II-7. The second SiO9 column shows
spectrographic data obtained on all the exposed bodies at the
same time under the same conditions for comparative pur-
poses. This data shows the silica -ontent of the Ei3-3W
alumina bars used in this test to be at least 10 times that

of the Lucalox bars. The corrosion data shows this lot of
Ei3-3W alumina to be definitely unsatisfactory for the 1600°F
potassium vapor environment.

Lucalox was slightly attacked as indicated by a faint darken-
ing throughout the broken bars, a slight reduction in flexural
strength, and occasiona: evidence of grain boundary erosion
as illustrated in Figure 11-11. This material is satisfac-
tory for the 500 hour, 1600°F potassium vapor test environ-
ment but would probably deteriorate further with increased
temperature or time.

Sapphire bars were totally unaffected as far as could be
detersunined by flexural sirength, evidence of darkening or
raicrostructure differences (Figure I1I-10). This confirms

the point that deterioration of alumina ceramics in high-purity
potassium vapor is due exclusively to the non-alumina phases
present along the grain boundaries. The large standard de-
viation in sapphire testing is due to random crystal orientation
during tests. Sapphire displays anisotropy in physical and
mechanical properties. The beryllia bars were slightly
affected as evidenced by a reduction in flexural strength, no
visible discoloration and no evidence of grain boundary, erosion
after the potassium vapor exposure (Figures II-10 and II-12).

Since neither the BeO nor the AlgO3 grains are themselves

attacked, but only the intergranular material, a plot of de- ,
gradation (or compatibility) versus SiO9 content, regardless i
of primary phase, should be meaningful. Such a plot is given '
in Figure II-13 from data presented in Tables II-7 and I1I-8

and making the assumption that single crystal sapphire approaches
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FIGURE II-13. Effect of the Silica Content of Alumina and Beryllia on

4 Their Compatibility with Potassiunr at 1600°F,
?j Determined by ratio of room temperature flexural

strength of modulus-of-rupture bars exposed to potassium
vapor and to vacuum, respectively, at the exposure test
temperature for 500 hours.

K = potassium test environment 1600°F
VAC = vacuum vest environment 16GC°F
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zero percent silica. For this plot degradation was defined
as the ratio, expressed in percent, of the room tempera-
ture flexural strength of the vacuum controls and the potas-
sium vapor exposed pieces after 500 hours at 1600°F. For
long~-term usefulness at 1600°F it appears that silica contents
of less than 0. (05 percent are required. This in effect rules
out any ceramic body which is fabricated and processed in
equipinent which is also used to produce silica containing
bodies, since cross centamination rules out the pessibility
of achieving the less than 0. 05 percent SiOg under suck
conditions,

The mechanical and physical propertiec of 99. 8 percent

. -ryllia are reported in Section IV-1. The strength "o less
than that of high purity, high density alumina, but care in
design may compensate for the lower value. Recent work at
Brush Beryllium Company indicates the possibility of achiev-
ing much higher fiexural strengths by close regulation of the
firing program and by grain size control. One of the mosti
uscful properties of high purity beryllia is the very high ther-
mal conductivity. This property along with its low expansion
coefficient results in » ceramic with superior thermal shock
capabilities.

Although the low silica alumina body Lucalux is not readily
fabricated into large, thin-walled bore seal geoinetries, it
may warrant additional testing. It may withstand extended
exposure at 1000°F and be useful in small bore gezal applica-
tions or for insvlators or feed-tirough terminais, Material
properties of this magnesium oxide modified alumina are
reported in Section IV-2.

The high-purity bodies were not significantly affected in per-
cent loss in strength by mixing with high silica ceramics in
the same test capsule (Taole II-8). Loss ia strength of
Ei3-3W alumina was much less severe at 1000°F (5.3%) i
potassium that at 1600°F (78% as shown in Tables II-2 and
I1-8 respectively, However, sodium-potassium eutectic
reduced the strength of Ei3-3W after exposure at 1000°F

to about hatf of the criginal value. Beryllia shcwed no sub-
stantial difference in strength after potassium or lithium
exposure at 1000°F (8. 7% and 13, 2%) or in potassium at
1600°F (10.8%).
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b. METAL MEMBERS

Metal members for alkali metal containment systems are
being specificaily investigated on other programs and,
therefore, extensive studies were not within the scope of

the present program. The columbium-1% zirconium alloy

has high hot strength and excellent alkali-metal compati-
bility and was utilized for most of the ceramic-metal joining
investigation reported here. Columbium base D-43 alloy
which provides superior hot strength and creep properties,
was tested in a limited number of modulus-of-rupture ceramic
to metal seal assemblies. Tantalum alloy T-111 was evaluated
as a back-up metal. The columbium-1% zirconium alloy was
used for the static test capsules because of the welding and
corrosion information available on this alloy at the time of
testing.

A sketch of the final exposure tesc capsule and purity test cap-
sule designs is shown in Figure I1I-14, Purity test capsule and
test capsule assemblies are shown in Figure II-15. In Figure
11I-16 photomicrographs of the bottom seam weld illustrate the
grain growth near the heat-affected-zone. Table 1I-10 shows
effects of welding ana 500 hour 1600°F vacuum exposure
(potassium inside capsule) on oxygen pick-up by the Cb-1Zr
columbium alloy capsule. Welds were made in the controlled
atmosphere glove box (Figure 111-12) by TIG welding when
water and oxygen levels were below 20 ppm total. Titanium
sheet specimens which were welded to test the purity of the
atmosphere in the welding chamber prior to welding the test
capsules were clean and bright. The capsule in Item 2 of Table
II-10 was a purity test capsule which had been heated in the
center region with a low intensity arc to cause potassium to
flow to bottom of capsule. This heating operation probably
caused the relativeiy high oxygen in this region through getter-
ing. The center portion of capsule C had been heated in the same
manner as capsule A (Item 2). Metallographic examination

of potassium exposed capsules showed no apparent corrosion
of the Cb-1Zr (Figure 1I-17). The three refractory alloys
being considered on this program exhibited equivalent wetting
characteristics with the active metal braze alloys tested.
Ceramic-to-metal joints made with modulus-of-rupture bars
indicated similar joint strengths using columbium-1% zircon-
ium or columbium D-43 alloy. Since the metal members
appear equally suited for bore seals based on brazing test to
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FIGURE II-16.

Photomicrograph of Cb-1Zr Capsule Weld Area., Lower
Right Insert Shows Pre-Weld Grain Size (20X).
Polished with: 50 ml lactic acid, 30 ml HNOg, 2 ml HF,

Etchant: 30 ml lactic acid, 10 ml HNOg, 10 ml HF.
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TABLE 1I-10. Oxygen Contant of Cb-1Zr from the Wall of Capsules

After Welding and After 500 Hour 1600°F Vacuum
Exposure ¥ Inside Capsule)

Oxygen Content ()

Item Sample (ppm)
1 Manufacturer lot analysis 230
2 Center region of capsule A before 294
potassium exposure test

3 Bottom weld of capsule A before 266
potassium exposure test

4 Center region of potassium exposed 356
capsule C

(a) Analysis of items 2, 3, and 4 by vacuum fusion by MSA Research,

Inc. One test of each sample.

this time, the ultimate choice of the metal member will be
based on long term aging effects and by the design and fab-
ricability of larger (4 to 11 inch) diameter seals. An eXxternal
factor which will direct final choice are metal member
compatibility with the turbine coolant system.

c. CERAMIC TO METAL JOINING
(1) Metalizing - Braze Seals - Alumina
The first of the ceramic-to-metal sealing methods
investigated on the currect program was the refractory

metal metalizing system using a thermodynamically
stable secondary phase.
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Photomicrograph of Cb-1Zr Capsule After 500 Hours
at 1600°F in Potassium Vapor. No evidence of attack
by potassium was noted. Polished with: 50 ml lactic
acid, 30 ml HNO3, 2 ml HF. Etchant: 30 ml lactic
acid, 10 ml HNOg, 10 ml HF,
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The tungsten paints described in Table II-11 werc devel-
oped to capitalize on the inherent resistance of caicia,
alumina and the rare-earth oxides to attack by most
alkali metals, Because these stable oxides have high-
melting and sintering temperatures, a less refractory
metal compound tungsten {rioxide was utilized instead

of molybdenum oxide. These paints were made in moly-
hdenum-lined ball mills with molybdenum balls tc min-
imize ball mill pick-up of non-metallic materials,
particularly silica. Spectrographic analysis of four
metalizing paints listed in Table I1-12 indicate the

low impurity level after ball milling, Silica content
remained low after milling.

The metalizing paints were evaluated by brazing ASTM
CLM 15 assemblies with copper which dces not alloy
with the metalizing. This made possible the evalvation
of the metalizing-to-ceramic bond under the most ideal
condition, Metalizings which exhibited satisfactory
strength were then brazed with an alloy which is poten-
tially useful in alkali metals (Coast Metals Bra~e 52 had
shown stability in potassium vapor at 1100°F for 1000
hours on another program 11), Brazing was done at
1850°F in a vacuum furnace at 1 x 10~9 torr with no
holding time at temperature.

Initial tests made with the tungsten metalizing paints on
99 + percent alumina with copper braze on the current
program indicated metalizing strengths of more than
10,000 psi (Table I1-13)., Subsequent, less promising,
vacuum-leak test results with the tungsten metalizings
and Coast Alloy Braze 52 (3B, 4.58i, 0, 15C, balance
Ni) are shown in Table 1I-!. The final series of tests
showed that these metalizing paints had insufficient
adherence to high alumina ceramics for practical use-
fulness,

This was evidenced by the metalizing shearing ff after
the iron plating procedure (Figure II-18). The 0. 0005

(11) Westinghouse Subcontract SPUR Project A F33(657)8954 and West-
inghouse Subcontract A F33(657)10922. Westinghouse Report No.
WAED 62. 2E, January 1964,
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TABLE [1-11. Metalizing Paints for Alkali Metal Environments
(For Reference Only)

Paint Nominal Composition After Hydrogen Sintering (weight-percent)
Code Metallic Phase Non-metallic Phase
() (b}
W5M 95 W 5Y,03
W8M 95 W 2 Al9Og, 3CaCOg
WIM 95 W 2.5 Y903, 2.5Dy904
WwioM 9%5 W 1.25 Y903, 1.25Dy903,
1. 25 Nd9Og, 1.25Gd9gO3
Wi1iM 85 W 15 Y903
wWizM 85 W 6 AlypOg, 9 CaCOg
W13M 85 W 3.75 Y903, 3.75Dyo03,
3. 75 Nd9Og, 3. 75 GdgO3g
Wi14M 95 W 2.5 Y904, 1 AlyOg3,
1.5 CaCOg
W15M 92w 5.5 Y903, 0.5 MgO,
2 CaCOg

(a) Eitel-McCullough Designation
(b) Added to the paint as WO3; reduced to W by hydrogen during sin-
tering at 3045°F in Ng-Hg mixture
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TABLE 11-12. Spectrographic Analysis of Trace Impurities in Special
Metalizing Paints (Typical Analysis)

Paint b
Code Impurity (weight percent)( )

(@) Mg Al Cu | Ca Si Mn Fe | Mo
W5M T 0.007} T 0.01 | 0.02 | ND 0,02 0.02
WM 0.0015( PC T PC 0.025' T 0.02 0.02
WIM T 0.006| 0.00if 0.02 | 0,015 T 0.02 ND
W10M T 0.003| T 0.01 | 0.01 | T 0.01 ND

PC - Primary Constituent

T - Trace - Indicated less than 0.001 weight percent detected

ND - Not Determined

(a) Eitel McCullough designation. See Table II-11 for nominal
compositions

(b) Semi-quantitative only + factor of four

inch thick iron plating had been used as a barrier layer
between the nickel braze alloy and the tungsten to reduce
Ni-W alloying. The brittle sintered metalizing did not
withstand the stresses imposed by differential thermal
expansion of the electroplated iron-barrier layer. The
cross-section of a W12 (Table 1I-11) metalizing paint
on Ei3-3W alumina brazed with nickel base braze alloy
{Coast Alloy 52) to a columbium metal member shows
that shearing of the metalizing occurs at the tungsten
to calcia-alumina glassy phase interface. In this case,
the shearing probably occurred during the mounting or
polishing operation. A sample of iron-plated standard
number 20A (MoOg-MnO-TiO9) metalizing on AD 94

(94 percent alumina) ceramic was brazed to an iron
plated columbium metal member with Coast Alloy

52



QP 110}

“ju10f 3] JO IPIS 6 AV Y} Ul 901q SUSWIAAS

- J.0LF1 1B SajnUIW (] JO) PaJajuisS wnndes 94 JO YOUl ¢y 0 YIiM pajerd Suiziieistu pue Jaysem

WNIGWIRIOY)

ml

*savald G WD U9SMIBY FOYSEM WINIQWIN]O) YOul G100
01 7e wnudea ul §.,0587 1€ Pazeaq (SJurfeq IN 'OGI°0 ‘ISG'H ‘df) 26 AOIV zesyg STEISK ISEO)

caxnjeraduia) B auily pjoy ou

*s9091d ¢ 1D US9MI9q Joysem jaNd1u-0xdnd

0£/0L Yy2ul gz¢°0 -oJnjeradwio) Je proy anuitt § PM J 002 1B udS0apAy jutodmop 3,001 - Ul pazeaq xaddo)

)

(@)

(®

"U10dM3P 3,04 ‘CHGE - ONGL ‘SES Sumioy ul g,.GHOS Fe MOY g/] JO0] PaISIUIS a1am paISy sjured 11y

- I9YeS] SIILIIPUI N

€011 UO1)39S 2.MPasoId SullFa] YeS] VI PIUIUIIINSP ST 095 /S1331{-1I0} g-01 X 1 Uey} SS9] 9jer jes| & Sajedlpvt LA

*pajou {343t SS3IIS

9Y3 e DIWTIID Iy} Ul 9YOIq USWI0ads Yy, -umoys san31} oy} ueyl 193822 YISuaais SuiZijeidw e sajeoput (< ) xpyaad syy,

302 I 1A 4 062 €I< e A I (0)050 ¥ I WSIm
Sl 1 LA 14 011 €1¢ 4 LA i onowﬂ 8 [ Wyim
LA 1 LA 4 091 17< 4 LA i 006 2Ii< [3 WEIM
LA i LA z 082 11< 4 i i (0)0€0 9 1 WZiMm
wri I LA 4 009 21< g LA [ 00% ¥1< I Niim
LA 4 00¢ €1< I Worm
LA 4 0SS #1¢ I W6M
LA (4 006 21 ¢ 1 nsm
LA (4 068 ¥I<¢ I WSMm -~
1S9y, $31893, 1S9Y, | SI89% (isd) S1S37, 1391, S31833, (1sd) S31S39 1 1oquuds
yeaq IO "OR jyeary | 3o *oN | yiBuadig IArisuay 30 "ON ey j0 *OoN | yiBuagig Iisudy, | jo "ON jureg
| (CORIv U923 66) 66aV__| (YO%V w139 66) 66 TV (8081 1Ud015d L°66) ME-EH
(q)®2®3g L0V 19YOIN ( mvmmﬂum Jaddo)

Ajquessy 1897, o[ISUdy, ST NI WISV Surzinn
S1UTR g SUTZITRISIA Te109dS JO SUIISO, {eo| pue yiSusylg SfIsud]l, *€I-IT TI9V.L

53



TABLE II-14. Leak Test Results - Tungsten Series Paints
Ceramic-Metal Brazed ASTM C™M 15

Assemblies

AD 99 Ei3-3W

Metalizing * Alumina Alumina

Paint Columbium Kovar Cb-1Zr

(a) Washer Washer Washer

W1lM LKR LKR LkRr®)

Wi2M VT LKR LKR
W13M vT VT LKR
W14M LKR VT LKR
W15M LKR VT LKR

All paints sintered 1/2-hour at 3045°F in forming gas (75 Ny, 25H,)
(70°F dewpoint).

All assemblies brazed with Coast Metals 52 Alloy (3B, 4.5Si, 0. 15C,
Ni balance): brazed at 1850°F in vacuum 10-9 torr; no holding time
at temperature. Iron plated between washer and braze and between
metalizing paint and braze.

VT ~ Vacuum tight (Leak rate less than 10-9 torr-liter/
second. See Section ITI.C.3.).

LKR - Leaker (Leak rate greater than 10-9 torr-liter/
second).

(a) See Table II-11 for nominal formulations

(b) Metallographic examination of similar samples showed that
the nickel braze alloy penetrated the iron barrier and
attacked the metalizing.

(Reference: NAS3-4162)
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FIGURE II-18, Ircn Plated Tungsten Metalize Paints on Alumina CLM 15
Specimens. Note that the tungsten metalizing has sheared
off from the ceramic in some &reas.



Braze 52. This sample which had been subjected to
an identical brazing and polishing schedule showed no
shearing. Additional effort on the non-silicate metal-
izing must involve the promotion of better bonding
between the tungsten and the non-metallic phases,

Photomicrographs of these two systems are shown in
Figure II-19a and b. In general, increasing the per-
centage of non-metallics in the tungsten paints from

5 percent to 15 percent (W11 through W15) resulted

in sufficient 'glassy' phase being produced, see Figure
I1-19a; however, it may be noted that the tungsten
metalizing was still somewhat porous. Apparently a
high contact angle between the 'glassy' phase and the
tungsten prevents complete penetration of the porous
sintered tungsten., This explains why sintering tem-
peratures of 3000°F or higher have to be used in spite
of the fact that melting occurs at 2600°F in the CaO-
Al9O3 system. The metalizing system must rely on
solid state self sintering of the tungsten to occur rather
than non-reactive liquid-solid sintering of a ca1c1a-
alumina-tungsten system.

At this time, it appears that non-silicate metalizing
systems (SiO9 < 0. 03 percent) are only suitable for use
in joints where stresses are at a minimum or are non-
existent. The possibility of developing a stronger non-
silicate bond using paints in the systems W5 through
W15 exists by firing the metalized ceramics to a high
temperature ( > 3200°F) and by 'glassy' phase control.
However, firing of metalizing onto large thin-wall
alumina cylinders at such high temperatures would
result in severe distortion. Therefore, the investi-
gation was not pursued.

The brazed Ei3-3W alumina pieces reported as vacuum
leakers in Table II-14 were sectioned and studied
metallographically to determine the cause of failure.
Potentially useful insight to metalizing braze failures
were observed. In numerous regions, the iron barrier
plate over the columbium- 1% zirconium washer was
penetrated by the nickel braze alloy (Coast Alloy 52)
and extensive solution of the columbium-1% zirconium
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‘:fA— Cb-1Zr Alloy
~= Braze Alloy No. 52

=== Metalizing W12M

= Void

Q - Glassy Phase
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0.001"
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99.7% AlyOg

-

FIGURE II-19a. W12 Metalizing on Ei3-3W Ceramic (600X)

== Cb-1Zr Alloy

0.001" . |
g * ® " —Iron Plate

° = Braze Alloy No. 52

: Qf‘ﬁ""&f@ %’ = Iron Plate

¥ — Metalizing 20A

W — AD 94 Alumina
‘ 94% Al50q

FIGURE II-19b. 20A Metalizing on AD 94 Alumina (600X)
Etchant: 50 ml lactic acid, 30 ml HNOg,
2 ml HF for both micros.



metal member by the nickel braze followed. This solu-
tion of the columbium alloy by the braze alloy did not
seem to be excessive along the braze-metal inte-‘face.
However, opposite the regions of extensive solution of
the Cb-1Zr, the metalizing layer was effectively des-
troyed, causing braze-ceramic interfaces of poor ad-
herence, Figure II-20. The metallographic structures
indicated that solution of the Cb-1Zr alloy by the nickel
braze markedly lowers the melting point of the braze
alloy and increased the activity of the braze alloy at
the ambient brazing temperature.

Figure 1I-21 shows a crack in the Alloy 52 braze which
occurred because of thermal stress in a region of high
solution of the Cb-1Zr by the nickel. Attack of the metal-
izing and cracks in the braze layer are both undesirable
effects. This might be reduced by formulating a more
desirable brazing alloy in the columbium-nickel system
which will allow lower brazing temperature and lower
thermal stress in the joint.

Two other approaches aimed at improving the character-
istics of metalizing braze systems utilizing thermo-
dynamically stable oxides in the metalizing layer are:

a) Using the more ductile metal molybdenum
in the metalizing and controlling the degree
of sintering by particle size control.

b) Improving the iron barrier layer plating
techniques to such an extent that no penetra-
tion by the nickel alloy occurs during brazing,

Because the active metal braze technique offered more
promise, the additional work on the metalizing of alumina
was discontinued.

2) Metalizing Braze Seals - Beryllia

A program to study the effect of sintering temperature
on tungsten metalizing coatings which were painted on
99. 8 percent beryllia (Brush Beryllium Thermalox 99, 8)
was completed. Scratch hardness and electiical resis-
tivity were used as test criteria using the standard



0. 01"

0. 001"

Cb-1Zr Alloy
Alloy 52 Braze
Tungsten Metalize

No. W11M

Ei3-3W Alumina
99.7% Aly04

Cb-1Zr Alloy

Alloy 52
Penetration of
Columbium

Destroyed Tungsten
Metalize No. W11M

Ei3-3W Alumina

99.7% A1203

FIGURE II-20. Photomicrographs of Nickel Alloy Braze Seal Between

Alumina and Columbium-1% Zirconium.

(200X).

Note the solution of the columbium-1% zirconium and
the attack on the tungsten metalize after penetration
of the iron barrier by the nickel braze alloy.

Etchant: 50 ml lactic acid, 30 ml HNOg, 2 ml HF
for both micros.



Cb-1Zr Alloy

Alloy 52 Braze

_ [
v

0. 002"

. . . . Tungsten Metalize
-“n'-nr AP kil ~%/" | No. W11M

—— Ei3-3W Alumina

FIGURE I1-21. Photomicrograph of a Nickel Alloy Braze Showing
Stress Crack., (200X). Such defects appear to be
associated with excessive solution of the colum-
bium- 1% zirconium metal by the nickel braze
material.

Etchant: 50 ml lactic acid, 30 ml HNOg, 2 ml HF,
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Mo-MnO-TiOq metalizing (20A) as a reference. The
coatings did not develop the hardness and conductivity
comparable with the Eitel-McCullough standard 20A
metalizing until sintered for 30 minutes at 3000°F

The sintering temperature is approximately 200°F

higher than the normal manufacturing firing temperature
for the beryllia ceramic. The use of the high sintering
temperature caused some of the beryllia pieces to deform
and craze.

Copper and copper-silver brazes were used in evaluating
the tungsten metalizings on beryllia bodies. Both brazes
provide low thermal stress systems for determining the
adherence of metalized coatings.

Vacuum leak checks on tensile test assemblies were in -
conclusive because the samples were deiormed and
cracked by the metalizing sinter treatment. In spite of
the appearance of the beryilia bodies, two assemblies
copper brazed to cupro-nickel alloy {70Cu-30Ni) with
W13M metalizing paint and one assembly with W14M
(Table 1I-11) paint were vacuum tight.

In general, the tungsten and rare earth oxide metalizing
paints which were evaluated on this program with
beryllia exhibited unusable low strength and work was
discontinued in favor of the more promising area of
active alloy sealing systems.

Active Alloy Brazing

a. DISCUSSION

Fourteen different braze alloys were studied on this program
as potential 'active metal' joining materials for ceramics and
metal-ceramic composites. These alloys were developed on
other programs for brazing columbium and for resistance to
elevated temperature alkali-metal environments (LB 20, LB 24,
LB 156). Small ingots of these 14 compositions were prepared
for evaluation as active metal braze alloys by the Battelle
Memorial Institute using the inert-gas, non-consumable-elec-
trode, arc melting process.
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Since it was more convenient to handle the alloys as powders
rather than in chunks, the cast ingots were comminuted to
minus 50 mesh powder in a liquid nitrogen. A group of stand-
ard ASTM CLM 15 and modulus-of-rupture assemblies with
Cb-1Zr metal me:mbers were joined using each of the 14 alloys.
Results of the braze screeaing tests, made in a vacuum of

10-5 torr, are shown in Table II-15,

Two of the alloys, 75Zr-19Cb-6Be and 48Z2r-48Ti-4Be, per-
formed well enough to warrant extensive evaluation with
alumina and beryllia in K and NaK. A third alloy, the beryl-
lium free 56Zr-28V-16Ti material, showed sufficient promise
in the screening tests with beryllia to warrant an evaluation
in 1000°F lithium. Selection criteria for further testing was
wettability, as indicated by a low contact angle between the
alloy and ceramic; good strength, and hermeticity.

Three types of specimens; vacuum leak test, modulus-of-
rupture (MoR) and tab peel assemblies of high purity alumina
and beryllia were vacuum brazed to Cb-1Zr or D-43 alloy
metal members with the above three brazing alloys. Elevated
temperature 500 hour tests in the alkali metals were as follows:

Alkali Metal Exposure Temperature (°F)
Potassium 1600
Potassium 1000
NaK Eutectic 1000
Lithium 1000

Unexposed and elevated temperature vacuum aged MoR bars
were prepared for comparison with the alkali-metal ex-
posed samples. A summary compilation of the various test
data is presented in Tables II-16 and II-17, Photographs
of selected capsule loadings before and after the 1600°F
potassium exposure are shown in Figures II-22 and I1-23.
The metallography of representative exposed and unexposed
1600°F BeO brazements will be covered in the discussions
on each test temperature - braze ailoy - ceramic - metal
member combination, However, before the individual com-
binations of alloy - metal member - cer amic and the actual
test conditions are discussed, the basic structure and character-
istics of the selected brazing alloys will be outlined,
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TABLE II-15. Active Braze Alloy Preliminary Screening Using
Cb-1Zr Metal Member with Designated Ceramic

Thermalox 998 Ei3-3W
99.8% BeC AlnOy
Brs Brazing Strength Tensile
C(,m;(;:;;mn Temperature (MoR)(a) ) Strength(®)
(weight percent) (°F) v (psi) | VT _les) | Remarks ]
-19Ch- 2,4 15 260 a/a | 9150 Wets Columbium alloy
'_75Zr 19Cb-6Be 1940 / D43 well
BTi-28V- 2370 1/4 16 635 1/4 >240 Wetg Columbium alloy
(HTi-28Y-4Re ’ 0/4 >4 475+ D-43 & Tantalum alloy
T111 well
56Zr-28V-16Ti 2270 (c) 15 740 2/4 4 850 ---
-48Z¢- 1940 3/4 16 500 4/4 4 900 Wets Columbium alloy
48T1-482r-40c 4/4 9 575% D-43 well
i-46Zr-4V-4B 1830 16 650 4/4 ——— ———
46 Ti-46Zx 8 va 5 938+
50Zr-30V-20Ch 2415 3/4 5 175 0/4 140 -
65V-35Ch 3400 o test
70Ti-30V 3000 No test
60Zr-25V-15Ch 2435 14 035 0/4 50 Forms skull on Columbium
alloy D-43 & Tantalum
alloy T111
50Zr-30Ti-20V 2480 0/4 >4 7142 0/4 2202 Forms skull on Columbium
alloy D-43 & Tantalum
alloy T111, Ch-12r alloy
40Zr-30Ti-30V 2335 4/4 13 165 0/4 245 Wets Columbium alloy
D-43 & Tantalum alloy
T111 well
35Ti-35V-30Zy 2595 0/4 >10 280 0/4 > 500 -—-
50Ti-30Zr-20V 2595 No test
62Ti-30V-8Si 2480 4/4 8 370 0/4 2117 Wets Columbium alloy
D-43 & Tantalum alloy
T111 well

Brazed in vacuum furnace (10°9 torr) at temperature indicated; no hold time. Results shown are from the
best braze run for each alloy,

* Made with AD99 Alumina 99 + 5 AlgO3
> Indicates incomplete melting - greater strengths might be expected with increased temperature hut were not
attempted because of excessive pressure in the furnace at elevated temperature.

—Underlined brazes and ceramic to metal assemblies were considered most favorable for further evaluation
in patassium. potassium-sodium eutectic and lithium.

Notes:
(1) Modulus-of-rupture and tensile strength test procedures described in Section ITI.
(b) VT column gives number vacuum tight over total number tested.
{c) Vacuum tight assemblies fabricated previously on another program (SPUR, Westinghouse).
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TABLE I11-16, Effect of 500 Hour 1600°F Potassium Vapor
Exposure on the Room Temperature Flexural
Strength of Selected Ceramic-Metal Sealing

Systems.
Brazing Flexural Strength (psi)
Braze Temperature As Vacuum Exposed ; Potassium Vapor
Ceramic (weight percent) (°F) Key | Brazed | 500 hrs, 1600°F 500 hrs, 1800°F
Ei5-3W 75Zr-19Cb-6Be | 1940 % | 25655 12 965 o(@)
Alumina s | 7370 4 505(b) -
99. 7% A1203 n 11 2 4
Ei3-3W 48Ti-48Zr-4Be 1940 % | 23342 10 760 o(@)
Alumina s 4 690 1440 -
99.7% AlyOq n 12 2 4
Thermalox | 75Zr-19Cb-6Be 1940 % | 15404 17300, <1 000(¢)
998 s | 1220 800 .
Beryllia n 5 2 5
99.8% BeO
Thermalox 48Tji-48Zr-4Be 1940 X 16 559 14 250 10 538(°)
998 s | 2500 - 3 740
Beryllia n 8 1 5
99,875 BeO
Thermalox | 56Zr-28V-16Ti | 2270 x| 13503 13 985 11 810¢)
998 s| 2810 1 715(0) 850
Beryllia n 6 2 5
99, 8% BeO

All tests on modulug-of-rupture assemblies (MoR) using columbium-1%Zr metal member.
Underlined ceramic-metal sealing systems appear to be the best of those tested

Key x - arithmetic mean
s ~ standard deviation
n - number of specimens tested

Notes:
(a) No MoR structures survived exposure test intact.
{b) Standard deviation has little significance for sample size of two pieces.
(c) Accompanying vacuum leak test assemblies were broken during removal from capsule.

64



‘swalsAg 3uITeag [BION-OIWRIS)) PI123[as JO YISuaxis [eInxof, sameradwa], Wooy

9y} uo sansodxy JodeA WNIYIT] IO SN ‘wWnisseiod J.0001 JNOH (0g JO 199HE “LI-II AI9VL

—|| Ajuo opdwies suQ ()
"ERIODIS 1 IINY-2I03 ¢ 0T X [ ULYS SSIY JO MBI Yea| waray sajeatput LA {9
*sanatd omi Jo azys apdwies ' J07 IJURIIIUBS SIIN] SBY UOIRIIIP PIepUTIS (P)
. uorjEituaalap [njduiunawr ou 1paea] ainsded 153 Ajtand paEIInSSYy ()
‘wrdd 0 UBRY3 SSI7 o1am sa[usded 31533 AjtInd pagBIdNSSE OM] Ut S[IAS] :agr.o [G1]
‘wdd g ueyl SSI SeM ansded 159} A31and PIIRISOSSE UT [3NI TIHAXQD (®)
EIPW
PI1S3] SUWIIBCES Jo Jaquunt - u
LOIIBIASD pIEpUEIS - <
UTAW DNRUGPLIE - X Aoy
*I12qUatT TE33W WRI0JITZ $I -WnIqunicy SUIsk (JOIN) §aI[qUasse anjdni-j0-Snfn,I: BO S§sa1 nv
( ] I
[ v ¥ a u "obiv L es
038 i oyl 2 069 ¥ s BUIUN{Y
SIfnsax atey IAY T B 06€ 01 gge 9t eve g X vamz oP61 gy -IZ8H-1L8¥ IZ1-30 me-g12
b _
y 2 1 u o 1266 |
021 Auvcom € 0LE L s cunuagy |
sjnsag Jeg LA P/ 18G 6 LT 22 66962 | X A&M«z o0¥61 2d9-q061-12¢L 32193 Mme-g13
€ 4 (31 u €0%tv 1L '56
00¢ € 0PI ¢ 069 ¥ s BUTWIATY
SHNSaT J1E g IAV ¥ 021 9 GEE 91 che e | x (&) A o¥61 gy -2Z28v-11.8% 2Z1-9D me-grg
g 4 133 u €oltv 4 66
0Sc ¢ @oom g 0LE L s euTwIniY
SI[nsSad poon IAS/S 2P 12 ont 13 669 S¢ X (&)d (11714 8g9-qJ61-I26L JZ1-90 ME-ETT
G2d %8766 {
1 4 9 u etjfizag §
{p)SSS 0182 S ! 866
S3NSax pnon IAD/F (3)000 g1 G668 ST €0GCT | X Cvﬂu cLee LL9I-A8C-IZ29¢ 3Z1-90 Xopeurzayy
o34 1,8°66
2 2 u eifilaag §
:uvovm 1 060 ¥ s £v-a 866
si[nsal xe g IAZ. T oL 6 paisal JoN 0€T 1§ X w&m ov61t 3gy-IZ8y~11gP | wniqunioj| Xofetusayg |
o3d 18766
[4 14 L u vtiiszag
@omw (p;05% odL € s £r-a 866
S3InSag poos A3sA lAa2. ¢ obe ¥1 oSt ¥1 eFePL | X ()X 0%s1 3d9-q061 -JZGL | wniquuniojf Xofzwisyl
SISSL edy (3) J000T 'SIY 00G| 4.0001 "SIH 00§ | pazeag | 4a3| [wIol (d,) {1uadrad wBtam) | TanUAY HNWRIAT
pue 1S3l yeay pasodeg pasodyq wnnoep sy ey | aamezadway Aony azeag | TEI9IN
YISt 128 [RINXII pasodxgy 218N TTeIV Sutzeag i
simeradwa] wooy | TEIdW MEAV (1sd) Qiduanyg jeanxarg ‘dway wooy
SyIEWaY

65



— Vacuum leak test
assemblies (0.3 inch O.D.)

Tab peel test
(1-1/2 inches long)

Ceramic-to-metal
Modulus-of-Rupture
assemblies (2 inches iong)

FIGURE II-22. Representative Set of Specimens for Alkali Metal
Exposure
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EI3-3(Al,02)
Alloy 48 Ti-4§ z?._4 Be

Example
of poor
ceramic-
to-metal
seals

Example
of best
ceramic-
to-metal
seal
system
tested

-
&

FIGURE Ii-23. Representative Sets of Ceramic-to-Metal Specimens After
500 Hour, 1600°F Potassium Exposure,
Top - Alumina Ei3-3W, Cb-1Zr, Alloy #4 (48Ti-48Zr-
4Be), Bottom - Thermalox 99.8% BeO, Cb-1Zr, Alloy
#3 (16Ti-28V-562Zr)
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All three of the above brazing alloys selected for evaluation
in alkali metal environmental testing are essentially eutectic
in nature. The phase diagrams call for some primary or
terminal solid solution, Those alloys which are wholly solid
solution, have the disadvantage of melting at temperatures
above 2900°F. Through the use of eutectic formers, such as
beryllium, one is able to lower the melting and flow temper-
ature of the braze alloys to the 2000°F - 2200°F level.

During the brazing cycle the V, Zr and Ti components of the
braze can diffuse into the Cb-1Z: metal member, thus de-
pleting the braze volume of V, Zr and Ti. In the case of the
Be containing alloys this means that intermetallics such as
CbBe19, ZrBeg and TiBeg will isothermally deposit as the
primary crystal phase. On cooling further precipitation will
occur until the eutectic compositior. is reached.

The columbium from the metal member can dissolve in the
altered braze alloy thus providing the possibility of a columbium
rich phase. The solution can be large in the case of the col-
umbium free braze alloys and limited in the case of the Zr-
Cb-Be alloy. If columbium solution occurs in the Be contain-
ing brazes then intermetallics such as ChBeg, CbBes and CbBe 9
can successively precipitate(lz). In the case of the Zr-V-Ti
braze the strong possibility of Cb-(Zr, Ti) eutectoid forma-

tion exists.

The reaction of the braze material with the ceramic is as
follows:

(Ti, Cb, Zr, V) + BeO —TiOy + CbO + ZrOy
+ v203 + Be-

b. RESULTS
1) Potassium Exposure Tests; 500 hour, 1600°F
The beryllia - columbium - 1% zirconium assemblies

joined with 48Zr-48Ti-4Be and 56Zr-28V-16Ti alloys
maintained flexural strengths above 10, 000 psi after

(12) Arzhanyl, P.M., Volkava, R.M,, Prokoshkin, D. A.,

Investigation of the System Niobium-Beryllium, Doklady Akademii
Nauk SSSR, v 150, No. 1, pp. 96-98, May 1963.
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the 500 hour test in 1660°¥ potassium. The perform-
ance of these parts in such an extreme environment is
super:ior to that of any other known ceramic-metal-
braze alloy combination (Table I1I-186),

A metallographic evaluation of each of the beryllia

base (Cb-1Zr) brazed systems was performed. Samples
were taken (1) in the as-brazed cogdition, (2) after

500 hours exposnre to vacuum (10~° torr), (3) after

the 500 hour potassium exposure at 1600°F.

The micrographs of three samples brazed with the
48Zr-48Ti~-4Be alloy are shown in Figure 1I-24. The
eutectic phase consisting of a mass of beryllium inter-
metallics purhaps imbedded in a solid solution phase
of (Zr, Ti, Cb) can be seen. The primary phase in all
cases are 'nost probably beryllides.

Micrographs of the system beryllia 75Zr-19Cb-6Be
columbium-1% zirconium are shown in Figure I1-25
before and after potassium and vacuum exposure. The
photographs reveal structures which are quite different
from each other. These differences are again probably
the result ot variable joint spacing. Any analysis of
these micro structures must take note of differences in
joint spacing iato account.

As brazed, the structure appears as a fairly uniform
Cb-Zr-Be eutectic containing some primary inter-
metallics nucleated on the Cb-1Zr member (top photo).
Those grains of primary solid solution which nucleated
in the liquid braze alloy formed dendritically as the
composite cooled.

The BeO and Cb-1Zr combination, brazed with 56Zr-
28V-16Ti alloy was the second of two ceramic-metal
braze alloy combinations to withstand 1600°F potassium
exposure., Micrographs of the as-brazed, vacuum con-
trol, and potassium exposed samples are shown in
Figure 11-26, As-brazed, the joint area is essentially
four phase and may be divided into two areas. One

area is probably a primary solid solution of Cb-2Zr-Ti-V
and the second area is probably the above combined with
ZrVg in eutectic proportions. The structure of this alloy
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Braze Alloy
48Ti-48Zr-4Be ==

Thermalox 998 W
Peryllia (99.8% =
BeO)

Cb-1Z1 AllQY meme : £

, ¥
S
& ‘ .
Braze Alloy N o
48Ti-48Zr-4Bemm,, ' = C N gp r

Thermalox 998  Kiesdimatiolatba LLEN Sog
Beryllia (99.8%= = =~ ¢ . o e
BeO) . :

Ch-1Zr Alloy ==

Braze AllOy e
48Ti-48Zr-4Be

Thermalox 998 &
Beryllia (99.8%=
BeO)

As
Brazed

0. 001"

Vacuum
Control

0. 001"

0.001"

Potassium
Exposed

FIGURE II-24. Photomicrograph of ReO-{48Ti-48Zr-4Be)-(Cb-1Zr)
System; as Brazed, After 500 Hours at 1600°F in
Vacuum, After 500 Hours at 1600°F in Potassium

Vapor. (400X) (Excellent System)

Etchant: 50 ml lactic acid, 30 ml HNOg, 2 ml HF.
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Cb-1Zr All0Y e

Braze Alloy

75Zr- 19Ch-6Be = | I

Thermalox 998

Beryllia (99. 8%~

BeO)

Cb-1Z1 AllOY ===

Braze Alloy

75Zr-19Cb-6Be - |4

Thermalox 998

Beryilia (99. 8%~ .

BeO)

Cb-1Zr Alloy ===

Braze Alloy

75Zr-19Ch-6Be =

Thermalox 998

Beryllia (99. 8% |

BeO)

As
Brazed

0.001"

Vacuum
Control

0.00i"

Potassium
Exposed

0.001"

FIGURE II-25. Photomicrograph of BeO-(75Zr-19Cb-6Be)-(Cbh-1Zr)

Etchant:

System; as Brazed, After 500 Hours at 1600°F in
Vacuum, After 500 Hours at 1600°F in Potassium
Vapor. (400X) (Unsatisfactory System)

50 ml lactic acid, 30 ml HNO3, 2 ml HF,
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Chb-1Zr AlIOY mm

As

Braze Alloy Brazed

0.001"

Thermalox £98 RN <
Beryllia (99. 8% — S
BeO) ’

Cb-1Zr AllOY e -

Braze Alloy

56Zr-28V-16Timm . Vacuum

Control

0.001"

Thermalox 998 & v
Beryllia (99. 8% == -
BeO) :

Cb-1Zr AllOY mmm -

Potassium
Exposed
Thermalox 998 Y4« 0.001"
Beryllia (99. 8% = - S : S

BeO) S _ - Lt T T KN , v .

FIGURE I1I-26. Photomicrograph of BeO-(56Zr-28V-16Ti)-(Cb-1Zr)
System, as Brazed, After 500 Hours at 1600°F in
Vacuum and After Exposure in Potassium Vapor

for 500 Hours at 1600°F. (400X)
Etchant: 50 ml lactic acid, 3¢ ml HNOg, 2 ml HF,

72



is complicated by the potential precipitation of eutectoids
notably Cb-Zr at the 600°C level on cooling.

The differences in microstructure in all three cases are
attributed to the amount of braze material, brazing time
and temperature rather than to exposure for 500 hours
at 1600°F,

Metallographic studies performed on the alumina-(Chb-
1Zr) active alloy seals revealed as-brazed structures
which were nearly identical to those achieved on the
BeO-(Cb-1Zr) seals. Because of this similarity, and
since none of the alumina seals survived 1600°F K
rnetal exposure, no micrographs of the alumina seals
will be presented in this report. Failure of these seals
also occurred at the ceramic-braze allcy interface.

2) 500 Hour Exposure in 1000°F Potassium, Sodium-
Potassium Eutectic and Lithium

All test data from the 1000°F exposures are presented
in Table I1I-17. Three of the systems tested survived
both potassium environment and vacuum endurance

tests with little or no reduction in strength, None of

the 1000°F leak test specimens failed the post exposure
hermeticity tests. Systems BeO-(D-43)-(75Zr-19Cbh-6Be),
BeO-(Cb-1Zr)-(56Zr-28V-16Ti) and alumina-(Cb-1Zr)-
(75Zr-19Cb-6Be) all offer the promise of long life capa-
bility at 1000°F., Tke sirengib of the remaining systems
listed in Table II-17 were reduced appreciably by the
exposure tests. Such behavior indicates the occurrence
of chemical or metallurgical changes at the hraze-cera-
mic interfaces which cause a reduction in strength for
the system.,

Beryllia assemblies utilizing the 75Zr-19Cb-6Be braze
alloy and D-43 metal members indicated no deterioration
in flexural strength after either vacuum or potassium
exposure. The beryllia=~(D-43) (48Ti-48Zr-4Be) modulus-
of-rupture assemblies suffered about 30 percent de-
gradation in the potassium. Beryllia to Cb-1Zr modulus-
of-rupture assemblies brazed with 56Zr-28V-16Ti were
subjected to 50C Hour, 1000°F lithium exposure. The

Py

=
S
oy
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modulus-of-rupture assemblies were very difficult to
remove from the capsule and were damaged during re-
moval. None of the five assemblies broke in the braze
joint indicating seal strengths on the order of that of the
ceramics themselves, or about 19,000 psi. One of the
seals had sufficient ceramic attached to permit uncon-
ventional flexural test which indicated a strength in
excess of 12,000 psi., All cylindrical vacuum test as-
semblies of the above systems were vacuum tight. A
leak occurred in the lithium purity test capsule in the
pinch-off area. Iuierence of the lithium purity in the
exposed capsule was therefore impossible.

The microstructures of the i000°F alkali metal vapor
exposed seal systems showed no new details when com-
pared to the 1600°F exposed specimens,

c. ACTIVE ALLOY BRAZE =VALUATION

At least one potentially useful ceramic metal member and
braze alloy has been evaluated to 500 hours in each test
environment (Table II-18). In some cases, such as 1000°F
NakK, the tested systems were being attacked and longer
exposure would probably result in complete degradation,

Most conclusions to this point have been based on modulus-
of-rupture data, with some vacuum leak test data, Tab peel
test pieces were also made for each system, although in
most cases there was insufficient space in the test capsule
to include tab peel samples for alkali metal vapor exposure,
A summary of tab peel test data is given in Table II1-19,

The tab peel strengths were all under 30 1b/in. except for
that of 75Zr-19Cb-6Be on Ei3~3W which was over 200 1b/in.
No lower practical limit has been determined from these tests.
The trend of lower strength with higher brazing temperature
observed with the 48Zr-48Ti-4Be alloy, if significant, in-
dicates that the brazing temperatures can be optiinized for
stronger seals. While considerable effort was made to
achieve reproducible brazing cycles for the assemblies made
on the present program, the microstructure variations noted
between supposedly identical samples indicate that additional
controls are required to eliminate brazing time-temperature
differences as a variable.
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TABLE 1I-18,

Best Ceramic-to-Metal Seal System Tested in Each

Alkali Metal-Temperature Environment

Best Ceramic to Metal Seal System Evaluated

Average
Room
Temperature
Flexural
Strength b)
Environment Ceramic Braze Alloy (psi)
Potassium 1600°F Thermalox 998 56Zr-28V-16Ti 11 810
Beryllia
99.8% BeO
Potassium 1000°F Ei3-3w 75Zr-12Cb-6Be 21 432
Alumina
99.7% A1203
NaK 1000°F(@) Ei3-3W 487r-48Ti-4Be 10 390
Alumina
99.7% A1203
Lithium 1000°F Thermalox 998 56Zr-28V-16Ti > 12 000
Beryllia
99.8% BeO

All seal systems were made withk 0.015 ixv.ch thick columbium-1%
zirconium alloy metal member,

(a) Marginal usefulness after 500 hours.

(b) Post exposure flexural strength.
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TABLE II-19, Tab Peel Strength of Active Alloy Braze Systems at
Room Temperature

Average
Room
Braze Temperature Number
Temperature Tab Peel of

Ceramic Braze Alloy (°F) Strength (Ib/in.) | Specimens
Ei3-3wW 75Zr~19Cb-6Be 1985 214 5
Alumina
99.7% A1203
Ei3-3W 48Zr-48Ti-4Be 1940 16.4 4
Alumina 2010 14.0 5
Thermalox 998 75Zr-19Cb-6Be 1985 19.5 8
Beryllia
99.8% BeO
Thermalox 998 48Zr-48Ti-4Be 1940 15.0 7
Beryllia 2010 9.3 3
99.8% BeO
Thermalox 998 562r-28V-16Ti 2265 23.0 4
Beryliia
99.8% BeO

All systems were made with 0.015 inch thick columbium-1% zirconium metal

member.
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Another significant variable from the standpoint of alkali
metal corrosion is the oxide content of the braze m:terial.
This is important since the oxides of vanadium and titanium,
when present, represent relatively unstable compounds in
the seal. The oxide content of the braze is affected by:

1) absorbed surface gas in the braze powder.
2) oxidized surfaces in the braze powder.

3) brazing atmosphere,

4) reaction with ceramic being brazed.

These parameters are all controlled to some extent. The

amount of oxide contributed to the first two items should be
ascertained. The later two parameters represent recorded
items in the brazing log buok (vacuum, time, temperature).

Other Sealing Systems

a. ELECTROFORMED SEALS

Two samples of metalized AD 94 ceramic were joined to a
columbium washer by electroforming in a low-stress nickel
sulphamate solution. One electroformed seal was designed
as shown schematically in Figure I11I-27, Difficulty was en-
countered in building up a nickel deposit of des’rable thick-
ness in the root region because of the limited throwing
power of the plating bath, Although the nickel plate in the
critical root region was less than 0,003 inches thick, the
seal was leak tight. The sample was tensile tested but
proved to be very low in strength.

Another sample was designed to eliminate the necessity of
plating nicksl in a deep groove and is shown in Figure 11-28,
The ends of the AD 94 alumina pieces were metalized and
butted against the columbium washer, A small fillet of
graphite powder was applied between the columbium washer
and the metalized ceramic to assure a continuous electrical
field at the joint, This sample was also leak tight.,

Seals formed in this manner are too weak for use in load
bearing struciures.
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20A Metalizing ~

Nickel-

Alumina
Ceramic

- /Pressure Contact

(no seal)

T E—0.015"

Metal Member

FIGURE 11-27, Idealized Geometry of Electroformed Seal
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FIGURE II-28. Alumina to Columbium-1% Zirconium Seal
Joined by Electroforming.
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b. THIN FILM METALIZING-BRAZE SEAL

Evaporated thin film refractory metal metalizing was pre-
viously developed at Eitel~McCullough(13) and appeared
promising for bore seal applications, Tensile strengths

of over 15,000 psi had been obtained in the absence of a
non-metallic phase in the sealing system. Vacuum-tight
seals to 96 percent BeO had heen fabricated by this method.
Preliminary work was done with evaporated molybdenum and
copper brazing. Nickel alloy brazing was then evaluated
with iron and chromium barrier layers over the thin metal-
izing to prevent erosion during the brazing operation,

A summary of both copper and nickel alloy brazing results

of thin film-metalized ceramics on this program is pre-
sented in Table II-20, A seal, which had been fabricated
with a Coors AD 99 (99% AlyOg) ASTM CLM 15 tensile
specimen using thin film metalizing techniques, was sectioned
for metallurgical examination. The seal had been made by
evaporating a film of titanium less than one micron thick

on the ceramic body followed by a layer of molybdenum slight-
ly greater than one micron thick. After a 0. 0005 inch thick
plating of iron was appliea, the part was sintered at 1475°F
for ten minutes in vacuum. The prepared ceramic was then
brazed in a vacuum of 6 x 10~ torr at 1850°F to iron plated
0. 015 inch thick columbium with Coast Metals Braze alloy 52
(3B, 4.5Si, 0.15C, balance Ni), The other half of the CLM 15
assembly consisted of an AD 94 alumina ceramic, metalized
with 20A metalizing and iron plated as described above.

The seal tested at room temperature indicated a vacuum

leak and had a tensile strength of 6,400 psi, In Figure II-29
a photomicrograph of the thin film metalized side of the seal
is shown. The iron plating is intact on both the columbium
and metalized ceramic. The possibility of ruptures in the
iron plate and erosion of the thin molybdenum layer by the
brazing alloy in other portions of the seal exists, with
associated degradation of the metalizing-ceramic bond.

The iron plate may also be reacting with the thin molybdenum
layer with similar degradation. The separation of molybdenum

(13) Patent No. 3, 115,957 - others pending.
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TABLE I1-20. Tensile Strength and Leak Testing of Thin Film Metalizing
on CLM 15 Assemblies

Tensile ¢
Vacuum Strength Leak( )
Ceramic | Metalizing | Plate Braze Metal Mcmber (psi) Test
AD995@) | (b Cu flash cu@® | cupro Nickel | >15500 | 1vT
polished (70Cwu-30Ni)
AD 995() (b) Cu flash cu@ | Cupro Nickel | >13375 | 1vI
polished ('70Cu-30Ni)
AD 995 (b) Cu flash cu@ | cupro Nickel
(T0Cu-30Ni) >16 250 | 1VT
AD99®) (b) 0.0005 Fe | Ni®) | Fe platea cb®) 6400 | 1 LKR
AD 995 (b) 0.0005 Fe M | Fe plated Cb®) 4200 | 2 LKR
AD995@ | () 0.0005 Fe | Ni®) | Fe plated cb® 1200 | 2 LKR
polished
AD 995 (b) 0.0005Cr | Ni{© | Fe piated cb'® 600 | 2 LKR

(@) Ceramic surface polished prior to metalizing.

(b) Evaporated thin films; Ti (1, then Mo ) 1.

(c) Coast Metals Alloy 52 (3B, 4.5Si, 0.15C, bal Ni) brazed at 1850°F in vacuum
5 x 10-5 torr, no hold time.

(d) Copper brazed at 2000°F in vacuum 5 x 10~ torr, no hold time,

(e) 0.015 inch thick columbium washer between CLM 15 pieces plated with
0. 0005 inch thick iron.

(f) VT indicates leak rate less than 109 torr liters/second, LKR indicates
leaker. See Section III.C.3.

(g) See Figure I1-29,

(>) Indicates that specimen broke in the ceramic.
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o JP——— ——Ch~-1Zr Alloy
NIRRT e s e .- )
T oSy —Tron Plating

0.001" ?

—_— W - w——=Braze Alloy 52

. (Contraction Void)
« .t oy,
B Ve A VS e [1rON Plating

Molybdenum

. 8§ —AD 99 Alumina
‘. (99% Al503)

FIGURE II-29. Photomicrograph of Thin Film Metalizing With Alloy
52 Braze (400X)
Etchant: 50 ml lactic acid, 30 ml HNO3, 2 ml HF.
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and ceramic is significant and indicates that the evaporated
molybdenum metalizing is not suitable for use in a highly
stressed seal. None of the nickel alloy brazed assemblies
were vacuum tight. Copper brazes which are more ductile
than Alloy 52, have consistently produced vacuum-tight
seals. Cogper brazes, however, are not resistant to alkali
metal vapors at elevated temperatures.

c. THIN FILM METALIZING TO PROMOTE WETTING

The use of evaporated coatings on ceramics with nickel-
braze alloy resulted in seals which leaked due to attack of

the braze material on the thin molybdenum through the barrier
layer, but the application of evaporated coatings to promote
ceramic wetting by active alloy is very encouraging.

Relatively thick, evaporated molybdenum coatings were pre-
pared to aid the wetting of alumina by active metal braze
materials. A sectioned CLM 15 tensile test which illustrates
the additional braze flow obtainable is shown in Figure I11-30,
The bottom AD 99 ceramic piece was evaporation metalized
with less than one micron thickness of titanium and a layer

of molybdenum greater than one micron thick; the other
ceramic piece was not metalized. The 19Cb-75Zr-6Be active
braze alloy was placed on the outside of the columbium-1%
zirconium metal member. The assembly was brazed at
1910°F (no holding time) in a vacuum of better than 4 x 10
torr., The braze alloy moved through the joint forming a
satisfactory fillet on the inside of the metalized ceramic. A
similar sample had a tensile strength in excess of 10, 000 psi.

Other alkali metal resistant metalizing compositions may
show similar usefulness as a wetting aid. This technique
can promote hermeticity in the long braze joints encountered
in large bore seals.
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FIGURE I1-30. Section of a CLM 15 Test Sample With 75Zr-19Cb-
6Be Active Metal Braze Between Metalized AD 99
Ceramic and Cb-1Zr (2X).
The lower section was evaporation metalized with
1xTiand > 1 # Mo. Superior wetting of this
sample is indicated by the smooth inside fillets
of braze metal not present on the upper unmetalized
ceramic joint.
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SECTION III

MATERIALS, PREPARATION AND TEST PROCEDURES

A. MATERIALS

Materials specifications and analysis are presented for those metals
and ceramics which may be fabricated into bore seal contigurations
and which indicated compatibility with alkali metal environments.
Nominal properties of these materials are reported in Section IV,

Braze materials and alkali metal specifications are listed separately.
The following summary lists material description, form and source.

Material and Form

Beryllia, 99.8%

bar, rod, plate, tubes;
other shapes made to
order

Alumina, 99.75%
bar, rod, plate, tubes

Columbium D-43
sheet, rlate, bar,
tubing

Tantalum T-111
sheet, plate, bar,
tubing

Source

Metals & Ceramics

Brush Beryllium Co.

General Electric Co.

DuPont

Westinghouse Elec-
tric Corp., Astro-
nuclear Laborator-
ies
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Product Specification

Beryllia ceramic market-
ed under trade name
Thermalox 998, Table
ITI-1

Alumina ceramic market-
ed under trade name
Lucalox., Table I1I-2

DPC (P) 1101 6/28/63
Table I11-3

No commercial specifica-
tion. Table III-4

- - -
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Columbium-1%
Zirconium

sheet plate, bar,
tubing

Alloy 56Zr-28V -
16Ti

Cast alloy or pow-
der

Alloy 75Zr-19Cb-
6Be
Cast alloy or pow-
der

Alloy 48Zr-48Ti-
4Be

Cast alloy or pow-
der

Potassium

NaK

Lithium

Wah Chang Co.

Braze Alloys

Battelle Memorial
Institute

Battelle Memorial
Institute

Battelle Memorial
Institute

_{slkali Metals

Mine Safety Appliance
Research Corp.

Mine Safety Appliance
Research Corp.

Foote Mineral Co.
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No commercial specifica-
tion. Table ITI-5

Available on develop-
mental basis

Available on develop-
mental basis

Available on develop-
mental basis

High-purity potassium,
hot-trapped and supplied
in special hot-trap con-
tainer. Table I11-6

High-purity sodium pot-
assium eutectic with
78% K, plus zero minus
one weight percent; 22%
Na. Hot-trapped and
supplied in special hot-
trap container. Table
I11-6

High-purity reactor grade
lithium packed under argon
in sealed cans. Table
III-7



TABLE II11-1. Nominal and Supplied Material Analyses -
Beryllia Body, 99.8% BeO

Oxide Composition (weight percent)
Constituent Nominal Supplied (@)

BeO 99. 8 (by difference) PC

CaC 0.01 0.008

MgO 0.15 0.13

Si0s 0.01 0.008
Al9O4 0.015 0.015
FegOg 0.0100 0.006

(a) Spectrographic analysis by Brush Beryllium Co.
PC - Primary Constituent

1, Forming by isostatic press.

2. Firing sequence - proprietary

3. Grain size approximately 40 » average.
4, Density 2. 907.
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TARLE I1I-2. Nominal and Supplied Material Analyses -
Alumina Body, 99.8% Alg0O3

Oxig’(e Composition (weight percent)‘ @)
Constituent Nominal Supplied
Al9O3 99.75 PC
MgO 0.25 0.10
CaO < 0.05 0.002
SiO9 €0.05 0. 025

(a) Spectrographic analysis by Eitel-McCullough, Inc.
PC - Primary Constituent
Forming and firing sequence - proprietary

1,
2. Grain size approximately 25 # average
3. Density 3. 98
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TABLE III-3. Nominal and Supplied Material Analyses -
Columbium Alloy D-43

Composition (weight percent)

Nominal Supplied(U)

Element Minimum Maximum (a) | ()

w 9.0 11.0 - 9.4 9.9

Zr 0.75 1,25 0.92 1.1

0o - 0.010 0.0124 | 0,0148

H - 0.010 0.0002 | 0.0001

N - 0.0075 0.004G | 0.0034

C 0.08 0.12 0.075 0.11

Cb remainder

(a) Sheet 0.010 thick used in ceramic-to-metal test assemblies.
(b) Sheet 0. 040 thick used in thermophysical tests.
(c) Analyses supplicd by DuPont Metal Products.
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TABLE I11-4. Nominal and Supplied Material Analyses -
Tantalum T-111

Composition (weight percent)
Nominal (a)
Element Minimum Maximum Supplied
W 7.0 9.0 7.9
Hf 1.8 2.4 2.32
0] - 0.010 0.0015
N - 0. 005 < 0.0010
C - 0. 005 0.0026
Ta rernainder

(a) Heat DX 570 from which bars for thermophysical tests and
sheet specimen were made. Material and analysis from
Westinghouse Astronuclear Laboratories.
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TABLE I1I-7. Typical Analysis of Lithium

Composition (ppm)

Element Typical Supplied
Li 99. 8% (by difference)
Na 30
K 45
Cl 41
200 @)
N 31 ()
Ca <10
Fe <10
Ni <10
Cr <10
Al <10
Si <10
Co <10
Cu <10

(a) Analyses of lithium purity test capsules resulted in very
high nitrogen content by Kjeldahl method and oxygen by
neutron activation. Although capsules were mass
spectrometer leak-tight before loading, post-analysis
examination revealed a leak in the crimped area of the
purity test capsule tubulation,

‘Typical Composition supplied by the Foote Mineral Co.
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B. SPECIMEN CONFIGURATIONS.

A series of drawings and sketches shown in Figures I1I-1 through I1I-5
depict typical examples of thermophysical, mechanical, and ceramic -to-
metal braze specimens. A number of those in the latter category are
non-standard and are discussed later in this section.

C. TEST PROCEDURES.

A tabulation of materials, type of test, and test method or specification
is found in Table IIT-8. A number of tests required in the bore seal
materials evaluation were non-standard in nature. These tests and pro-

cedures are discussed here.

1. Thermopﬁysical Properties

a. SPECIFIC HEAT

Precise measurement of specific heat was made in a drop-
water calorimeter according to a method described by J.
Valentich of the Westinghouse Research Laboratories(l).
The only specimen requirement for measurement of spec-
cific heat is that a compact mass of approximately 30 grams
be available for test.

Oxidation was prevented by sealing the specific-heat speci-
mens in evacuated (5 x 10-° torr) quartz capsules. During
normal testing, the specimen temperature was measured
with a platinum -rhodium thermocouple mounted in a quariz
well inserted halfway down the center of the specimen.
Since quartz is not as good a heat conductor as the metal,

it was necessary to determine the difference in temperature
between the quartz weli and th2 gpecimens. To Jdu this, a
1/16 inch diameter hole was drilled in a standard copper
specimen to within 3/16 inch of the quartz well, and thermo-
couples were positioned in both the specimen and the quartz

(1) Valentich, J. - "Equipment and Methods for the Continuous Measure -
ment of Heat Content of Metals to 1100°F'". Westinghouse Materials
Engineering Report No. 5973-3031, Westinghouse Electric Corporation,
East Pittsburgh, Pa., 19 November 1959.
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well. Temperatures were recorded at both locations as the
specimen was taken through a complete test. Test results
show that the temperatures in the quartz well and in the
specimen were within one percent except at 1500°F where

they differ by about 1.5 percent. This means that the thermo-
couple in the quartz well measures the specimen temperature
with good accuracy over the entire testing temperature range.

b. ELECTRICAL RESISTIVITY

The standard Kelvin Bridge method of ASTM B 70 was used
for all measurements of electrical resistivity. Strip mate-
rials were wound on a 5/8 inch diameter quartz mandrel.

A Leeds and Northrup Kelvin Bridge was used to measure
the resistance. Short pieces of alumel wire were used in
the furnace hot zone and «il-ar wire in the room temperature
zone as lead wires. Resistance welding was used to fix the
alumel leads to the specime:.s. The tests were conducted

in a vacunm of 5 x 10-9 torr and the average temperature
variation over the two inch coil lengt!. .vas less than + 1
percent. All the sampiss were heated at a rate of 10°F/min
aad the resistance of each specimen was measured at 100°F
increnients with increasing and decreasing temperatures.
FPreliminary tests on a sample of TD nickel wire showed

that the resistance measured at this heating rate duplicated
the results obtained by soaking at each temperature increment
for twenty minutes. For this reason, all specimens were
tested at a constant heating rate of 10°F per minute. In all
tests, the integrity of the elevated temperature leads was
checked at rooimn temperature by comparing the resistance
measured with the special high-temperature leads and the
resistance measured using the standard room teriperature
clamps.

The Kelvin Bridge used to measure the resistivity of the
specimens has a resolution of 10-8 ohms. Resistivity was
computed and reprnricd in ohm-cm.

c. THERMAL EXPANSION

The thermal expansion measurements were made in a quartz-
tube dilatometer in which the specimen is heated with a re-
sistance woundfurnace. The furnace and tube are orientated
in a horizontal position. The furnace is stationary while the
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tube and associated measuring apparatus can be moved in and
out of the furnace on a rail. The guartz tube is slotted at the
closed end so that a two inch long specimen can be placed in
it with one end contacting the bottom. A quartz rod, attached
to a Statham linear-displacement transducer, is in contact
with the other end of the specimen. As the specimen expands,
the quartz rod moves, and the transducer measures the amount
of the movement. The transducer is an unbonded, Wheatstone
bridge circuit whose sensitivity can be varied by regulating
the voltage input. Length changes as small as one micro-
inch can be measured. The output of the transducer is re-
corded on one axis of a Moseley recorder; the output of a
chromel -alumel thermocouple wired to the specimen is re-
corded on the other axis of the recorder. The resultant
curve is then corrected for the expansion of quartz. The
temperature rise of the specimen is pre-programmed at 3°C
per minute using a Leeds and Northrup progiram controller.
Argon gas is continuously flooded over the specimen to limit
oxidation at the higher temperatures.

d. THERMAL CONDUCTIVITY

This property was only measured on tantalum alloy T-111

using the comparison bar technique. In this method ‘he speci-

men, 1/2 inch in diameter by 4-1/2 inches long, is fixed to a

heater block through a snug tapered fit. The other end of the

specimen is fixed through athreaded connection to a comparison

bar of nickel, 1/2 inch in diameter by four inches long, whose

thermal conductivity is known. A heat sink, cooled by circu-

lating water, is fixed to the free end of thenickel rod. The

nickel and specimen rod assembly is held in a vertical posi-

tion with the heater at the bottom. The rod system is sur-

rounded with a high purity alumina insulation which is enclosed

with a 2-1/2 inch diameter shield. The shield is made from

302 stainless steel and nickel. The stainless steel portion is

as long as the specimen, and the nickel portion is as long as

the comparison bar. The nickel and stainless steel sections

are buttwelded and the joints located as to be in line with the !

specimen-nickel joint. A heater is fixed around the shield ,

circumference at this joint. Three chromel-alumel thermo-

couples are fixed to the specimen, the first is 1/2 inch down g

from the nickel joint and the remaining two at one inch inter- ;

vals below the first. Four thermocouples are fixed to the 4
i
i
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comparison bar, the first is 1/2 inch above the specimen
joint and the other three at one inch intervals akove the
first., Seven thermocouples are similarly placed on the
shield at the same heights as those on the bars. The entire
assembhly is set on high purity alumina insulation which is

on a steel base plate and surrounded with 2 five inch I, D,
Transite tube. The area between the shield and the Transite
tube is filled with the alumina insulation, A bell jar is
placed around the Transite tube and the system is baked out
and evacuated to 5 x 10-9 torr.

Ag the heater temperature rises, the specimen temperature
rises, and heat flows up the specimen through the joint and

to the water sink at the end of the nickel bar. Unidirectional
heat flow up the specimen is obtained by adjusting the heaters
on the shield and the heater block, and by adjusting the water
flow. The thermocouples on the bar and shield at the same
height are maintained at equal temperatures to prevent

radial heat flow. After these conditions have been established
for about four hours at a test temperature, all thermocouples
on the comparison bar and the specimen are read and re-
corded. The thermal conductivity of the specimen is then
computed.
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2. Mechanical Test Procedures for Ceramic-Metal Assemblies

The ceramics and ceramic-metal seals were evaluated mechani-
cally and metallurgically by means of six basic geometries.

a) ASTM CLM 15 Tensile test piece (Figure I111-6).

b) Modulus-of -rupture bar (0.i inchx 0.1 inch x 1.0
inch)(Figure I11-7a).

c) Modulus-of -rupture rod (0.1 inch diameter x 1.0 inch
long)(Figure I1I-7b).

d) Modulus-of -rupture assembly ‘Figure II1I-Tc).

e) Tab peel assembly (Figure ITI-7d).

f) Vacuum test assembly (Figure I1I-Te).

The modulus-of -rupture bars and assemblies were used in alkali
metal compatibility tests (Figures II11-7a, b, c). This test con-
figuration permitted quantitative evaluation of the ceramic as well
as the ceramic-to-metal seal before and after alkali metal ex-
posure. Such quantitative data had not been obtained on the ceramic
portion of a seal in previous alkali metal corrosion studies because
of the limitations of the standard ASTM CLM 15 (Figure 111-6)
geometry normally used.

However, the latter specimen does provide a larger braze area

for evaluating brazing techniques. Preliminary metalizing and
active braze alloy screening were tested by the method described
in ASTM F19-61T "Tensic1 and Vacuum Testing Metalized Ceramic
Seals', '

An Instron Universal test machine was used for mechanical testing.
Test results were recorded on a strip chart. Modulus bars or as-
semblies were tested using the four point fixture shown in Figure
IT1I-8. The inner and outer load points are 0.25 and 0.80 inches
apart respectively. Formulas for computing modulus -of -rupture
(flexural strength) are shown in Table ITI-9. A head speed of 0.1
inch per minute was used in performing the modulus-of -rupture
tests. The pull rate for the drum peel test and tab peel test was
1.0 inch per minute. Other brazing and test fixtures for the test
pieces are shown in Figures III-9 and IT1I-10.

Results of a test series to determine correlation between the non-
standard specimens and the CLM 15 tensile test and drum peel
geometries are summarized below. The effect of processing
variables on mechanical properties are also reported.
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TABLE I1I-9. Formulas for Computing Modulus-of-Rupture
(Flexural Strength)

Cross Section Formula

a
j___j I‘— Mof R =3(L-1)P
b "‘

b 2 ab

\y"‘ . Y T d3
P/2 P/2
Symbol Units
Moi R psi
a’ b,d in(:hes v, v v e 3 e
LOOOOIOXARAARDNDAIADOMNN
SR ISIIRRAARLL,
P pounds C0L0.0,9,90909.9, %00 % 202 L0 0 0 00 0.0,
L1 inches
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a. MODULUS-OF-RUPTURE AND CLM 15 TENSILE
TEST OF CERAMIC-TO-METAL SEALS

Two alumina ceramics and two braze alioys were used in
preparing specimens. Each ceramic and braze combination
was compared for the corresponding M-of-R and tensile
strength groups. In all four cases, the M-of-R groups had
significantly higher mean strength values than the tensile
strength groups., The ratio of the means of the CLM 15
seal tensile strength to the modulus-of-rupture for the
brazed alumina bodies was 0. 41 for pure copper braze
alloy and 0. 21 for the nickel alloy (Coast Alloy 52).

b. TAB PEEL AND DRUM PEEL TESTS

The correlation between the drum peel test (CLM 15 periph-
ery) and the tab peel tes: was made using the same braze
systems as cited in part (a) above. Results of a compari-
son between drum peel and tab peel test for ceramic to
metal seals indicate no significant differences between the
tests. Both tests perform their function nearly identically,

c. EFFECT OF POST-BRAZING SAMPLE PREPARATION
ON MODULUS-OF-RUPTURE

Modulus-of-rupture assemblies were brazed using alumina
ceramics as in part (a) above. The brazed specimens were
divided into four groups and treated as follows: (1) mini-
mum preparation, excess metal member trimmed sufficiently
to permit location in the test fixture; (2) excess metal mem-
ber trimmed, sample hand ground to re.nove braze fillets;

(3) metal member trimmed, hand ground to remove braze
fillets, and surface ground on support and bearing sides of
the sample; (4) maximum preparation, all sides surface
ground flat and parallel,

An analysis of variance performed on the modulus-of-rupture

data indicate no significant difference. Sample preparziion ,
may be minimized, j
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Leak Test Procedure for Ceramic-Metal Assemblics

a. CALIBRATION.

A certified leak obtained from the ALO Standards labora-
tory, Sandia Base, Albuquerque, New Mexico, is utilized
to calibrate SC4 leaks (VEECO) as secondary standards.
The secondary standard is then used to check the sensi-~
tivity of leak detectors daily. Records are logged daily.
The specific calibration routine varies somewhat with the
type and model of leak detector. Normal sensitivities
range from 1 to 3 x 10-10 standard cc/sec and rem:ain
quite stable over a periud of several weeks.

b. PROCEDURE.
1) Use a leak detector which is checked daily for
sensitivity. Sensitivity must be better than
5 x 10-10 standard cc/sec, as determined with
the certified leak.

2) Place sample on manifold ~onnection and evacu-
ate.

3) Place bag or inverted jar to completely cover
sample and manifold connection.

4) Fill bag or jar with helium to purge out all air;
continue helium flow through next step.

5) Leak detector output meter must indicate no
leak on most sensitive scale.
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ALKALI METAL LOADING AND EXPOSURE PROCEDURE

1. Capsule Loading Facility

The columbium-1% zirconium capsale fabrication and the loading
oi these capsules with test assemblies and with potassium and
NaK was carried out in & vacuum purge dry box with appropriate
accessories and modifications. The system is shown schemati-
cally in Figure TII-11, Photographs of the system are shown in
Figures 11I-12 and ITI-13.

The dry box is a General Technology Model Mark 5A medified to
acco.: nogate the special accessories for ioading. A moc’ . ad
evacuation system consists of a 15 cfm Welch forepump Model
No. 1397B and a 400 liters/sec oil diffusion pump with a Freon
12 cooled chevron baffle to limit backstreaming. Associated
vacuum manifolding permits pumping out the entry vestibule and
glove ports. The same pumping system is used to evacuate the
loaded ~apsules prior to sealing. An ionization gage and power
supply to monitor vacuum are included.

The argon atmosphere is supplied from a liquid argon reservoir
and boiler capabie of y, .nerating 50 cfm of gas. The argon is
passed through a U.S. Dyramics Model HXV-20 Automatic Gas
Purification System capable of purifying 50 ¢fm of thc argon to
less thaa one ppm of H20 or Q9. Short connectors between the
purification system and the dry box are made of stainless steel
with SwageLok fittings.

Effluent argon from the dry box is monitored for H9O and Og with
a Beckman Hygromite and Model 80 Oxygen trace analyzer ie-
spectively. A dual track recorder provides a permanent record
of dry box conditions during capsule loading.

The loading procedure carried out in this facility by the sequence:
outlined in the following section has resulted in pumped down
vacuums of less than 1 x 10-9 torr and an argorn. working atmos-
pheres of less than 5 ppm Og and H9O combined.

Hot trapping of alkali meuwl is started about 30 hours before lond-
ing in order to allow 24 hours at 1400°F and four hours to cool
from 1400°F to 300°F. During this time the potassium transfer
line i3 evacuated and iieated to approximately 300°F, and the dry
box is evacuated to a vacuum of better than 1 x 10“5 torr, The
capsules, test pieces and all items which will contact the alkali
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FIGURE III-12. Dry Box Facility
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FIGURE III-13. Right End of Dry Box Showing Anti-Diffusion Traps
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metal are vacuum fired to 1400°F (Vacuum less than 5 x 10-6 torr)
and allowed to cool overnight, The chamber is back-filled with
helium before parts are transferred to the dry box. Immediately
prior to loading, the dry box is pumped down and back-{illed
several times with purified argon. The vacuum-fired parts are
passed into the box through the vacuum purge entry vestibule.
About 100 cc of potassium (or NaK) is used to clean the transfer
line between the hot-trap container and the dry box prior to cap-
sule loading. This potassium, which is stored . * an open beaker
during the capsule loading, may be used as an empu.rical test of
the dry box atmosphere.

The oxygen and moisture monitors indicated average of five to ten
ppm of the contaminants combined during one loading operation(a).
Potassium in the beaker remained bright and clean for thirty minutes.
A blue film covered the surface after 20 hours. The argon in the

dry box was nearly stagnant in spite of a 25 cfh flow rate. Ina
subsequent loading, the moisture and oxyge&l) were monitored at a
total of five ppm in the dry box effluent gas ). The argon flow rate
during this loading was 15 cfh. Potassium in an open beaker re-
mained bright and clean for twenty hours.

Thus, even though capsules are open to the dry box environment for
10 to 20 minutes before sealing, the alkali metal in the bottom of

a capsule is not subjected to continuous exposure to contaminants
because of the relatively stagnant environment.

Other dry box facility details are given at appropriate points in
the loading procedure.

2. Capsule Loading Sequence

a. The dry box is pumped down and back-filled with purified
argon several times. Oxygen and moisture levels in
the effluent argon must be below 10 ppm, combined.

(a) Subsequent analysis of potassium in test capsules indicated 21 and
26 ppm oxygen content.

(b) Subsequent analysis of alkali metal in three test capsules indicated
less than 10 ppm oxygen.
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b. All capsule tops, capsule bottoms, and test pieces
(which had been vacuum outgassed at 1400°F, cooled
in vacuum and helium back-filled) are loaded into the
dry box just arior *o the K loading sequence.

c. In the dry box, a capsule bottom, with test pieces re-
moved is placed into the rotary turntable welding jig
and heated by drawing a low energy arc with the TIG
welding torch.

d. One cc of potassium is forced from the extruder (Fig-
ure II11-14) and cut off with a clean stainless steel
blade; then transferred into the capsule with clean,
stainless-steel tweezers.

Note a:  When loading NaK, a one cc stainless-steel bucket
is used to transfer material from a beaker to the
capsule.

Note b:  The potassium or NaK are hot-trapped in Mine
Safety Appliance zirconium-loaded hot-trap
containers for 24 hours at 1400°F immediately
prior to loading. The liquid alkali metal is trans-
ferred from the hot-trap container in the dry
box receptacle by means of the valving arrange-
ment shown in Figure I1I-15, This plumbing is
vacuum outgassed and flushed with alkali metal
before transferring the material which is to be
used in capsule loading.

e. The capsule is then reheated with a low-energy arc to
insure that the potassium melts and flows to the bottom
of the capsule.

f. The Cb-1Zr rack is then placed into the capsule. Test
samples are then positioned in the capsule. The rack
is used to keep specimens in an alkali metal vapor
environment,

g. The capsule is then lowered into the welding jig. The
capsule top with pump-out tabulation is placed on the
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open capsule and the weld area preheated with a low
ener%y arc to vaporize anv residual potassium (or
NaK)(C),

h. The top is welaed in place; the capsule removed from
the welding jig, and visually inspected.

i. The welded capsule is then placed in a water-cooled
copper chill block before “vacuation and final sealing
(to lower the vapor pressure of the potassium),

je While the capsule is cooling, a second capsule is taken
through steps c through i.

k. By the time the second capsule is placed into the chill
block, the first capsule has cooled sufficiently for
evacuation,

1. The cool capsule is then attached, with its flare fitting,
to the vacuum manifold (Figure I11-16) and evacuated
to approximately 5 x 10-9 torr as indicated on anioni-
zation gage. The gage is located about 20 inches from
capsule fitting.

m, The 2vacuated capsule is then "nipped off'" with hydrau-
lically operated jaws and placed back in the welding
fixture where in nip-off edge is TIG weldzad, (Nipped-
off capsule tabulations proved to be leak-tight before
welding. )

n. The second capsule has been cooled and is taken through
steps 1 and m.

0. The two capsules are then set aside and the entire pro-
cedure repeated for the next two.

p. The alkali metal purity test capsules are loaded in the
same manner and are identified with the associated
batch of capsules. The purity test capsules are heated i
to 1000°F or 1600°F in vacuum before analyses to de-
sorb interior surface occluded gases.

(c) Monitors indicated a sharp drop in oxygen and moisture levels after
vaporizing potassium in the weld area.
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After the loading sequence, the capsules are removed from the dry
box. Top w2lds and tubulation nip-off welds are annealed by heat-

ing the top portions of the capsulcs to 2200°F for one hour in a vacuum
induction furnace; while the bottom portion of the capsules rest in a
water-cooled chill block. Radiation shielding is provided in the set

up between the furnace and chill block. The potassium s kept

below the 1600°F exposure test temperature. Vacuum is main-

tained on the 106 scale.

The capsules are then ready for elevated temperature exposure in
the vacuum furnace.

3. Alkali Metal Exposure

After loading and annealing, the capsules are wrapped succes~
sively with 0. 001 inch thick titanium and tantalum foil to limit
oxygen pickup by the capsule. The capsules are then placed in

the tantalum element vacuum furnace (Figure III-17) and reach
the exposure temperature (1600°F or 1000°F) within approximately
two hours, Temperature is monitored by two Pt-Pt + 10 percent
Rh thermocouples placed respectively one inch from the top and cne
inch from the bottom, and inside of two dummy capsules in the
furnace. At approximately 1600°F, the top thermocouple indicates
23°F higher than the bottom. Since there is supersaturated pot-
assium vapor in the capsules, any excess potassium remains

in the relatively cool bottom of the capsule. The vapor pressure
is thus set by the temperature at tne capsule bottom. The lower
thermocouple is being used to set the furnace temperature at
1600°F with potassium pressure of approximately 2.2 atmos-
pheres.

Furnace temperature was controlled manually and was observed

to vary + 10°F from the control point, with excursions to as mach
as + 30°F. The vacuum system for the furnace described above

is shown in Figures III-18 and III-13, The pumping system is
capable of an ultimate vacuum of less than 1 x 10-6 torr. It con-
sists of a Welch Model 1397B, 15 cfm forepump, a 400 liter/sec-
ond oil diffusion pump, a Freon 12 chilled chevron baffle, a constant
level liquid nitrogen trap, and a manifold with icnization gage
vacuum monitor. Provisions are made for dry nitrogen letdown
between furnace cycles., Potassium monitors which consist of

two electrical terminals separated by 0. 250 inch thick ceramic

are included. In the event of a capsule leak, the released vapor i
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Dual Vacuum Furnace

FIGURE III-19,
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condenses on the ceramic and lowers the resistance between
the terminals.

A Philips ionization gage which was used to monitor vacuum in

- the described vacuum system normally indicated 5 x 10-6 torr

after one hour at temperature and decreased to 1 x 10~ after

24 hours. After 200 hours, it indicated less than 1 x 10-6 torr.
While the pressure in the vacuum furnace was of course higher

than that indicated by the gage, it was low enough that no significant
oxygen permeation of the foil-wrapped test capsules would take
place (LB 184). A running log of temperature and vacuum was

kept on the furnaces during test runs,
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SECTION IV

BORE SEAL MATERIALS PROPERTIES

This section presents bore seal material properties in tabular form.
They are arranged in order of thermophysical, mechanical, and com-
patibility properties. Graphic presentation of properties as a function
of temperature follows the tabular summary. The numbering system for
this section is as follows:

Section A. Ceramic Member 1.  99.8% Beryllia
2.  99.8% Alumina

1. Columbium Base Alloy D-43
2. Tantalum Base Alloy T-111
3 Columbium Base Alloy Cb-1Zr

B. Metal Member

The figures are numbered in consecutive numerical sequence for the entire
section. References are given on each summary sheet and curve crediting
the source of data. NAS3-4162 is the reference for the data obtained on
this program.

128



BORE SEAL MATERIALS PROPERTIES SUMMARY

A. CERAMIC MEMBER

Beryllia, 99. 8 percent.

Availability: Beryllia, 99.8 percent, is available commer-

cially in various pressed shapes, including tubes.
For bore seal applications, bodies made by the
isostatic press method are preferred.

Composition: 99.8% BeO
(weight percent) 0.0150% Al

0.0100% Fe

0.0100% Si Approximate upper limits
0.0080% Ca

0.1% MgO

Other elements - Ag, Cu, Cr, Mn, Mo, Na, Ni,
Zn, less than 30 ppm
B, Cd, Co, K, Li, Pb, less
than 10 ppm.

Thermophysical Properties

A,

Bu

Density (77°F) 0. 105 1b/cu inch 2.90 g/cc
Theoretical density 3.008 g/cc
Melting Point (°F) 4620 + 40°F
Specific Heat (LB 165)
Temperature (°F) Btu/1b-°F
77 0.25
500 0.30
900 0. 36
1600 0. 46
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D. Thermal Conductivity

Temperature (°F)

7
500
900

1600

E. Thermal Expansion

Temperature Range (°F)

(LB 165)

Btu-ft

fti-hr-°F

140
72
39
20

(LB 165)

Inch/inch-°F

77-500
500-1000
1000-1600
1600-2600

F. Electrical Resistivity

Temperature (°F)

77
500
900

1600

G. Porosity

II. Mechanical Properties
A. Poisson's Ratio (T7°F)
(1830°F)
B.  Flexural Strength

Temperature (°F)

77
500
900

1600
2600

130

(LB 165)

Ohm-cm

1x 1013
4 x 1010
3 x 108

Gas-tight

0.290 LB 165
LB 179
0.38 LB 179

(LB 165)

32 000
32 000
35 000
36 500
27 000



C. Modulus of Elasticity (LB 192)

Temperature (°F) Psi
i 53 x 106
500 52.5x 100
900 52.0x 106
1600 51.0x 10
2600 44.0% 106
D. Compressive Strength (LB 192)
Temperature (°F) Psi
™ 200 000
500 145 000
900 130 000
1600 38 000

III. Compatibility Properties

1, Alkali Metal - Excellent corrosion resistance in alkali metals
including lithium to 1500°F,

2. Nuclear Radiation Resistance
No major damage encountered 1020 neutrons/cm?2 except for

some loss in thermal conductivity. Slight damage may be
removed by annealing at 1800 to 2700°F.
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FIGURE IV-3. Thermal Expansion of 99.8% Beryllia Body, Density

2.90. (Reference: LB 165)

Figufé IV-3, Thermal Expansion - 99,8% Beryllié
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FLEXURAL STRENGTH (103 PSI)
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FIGURE 1V-5. Flexural Strength of 99.8% Beryllia Body

Figure IV-5. Flexural Strength - 99, 8% Beryllia
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FIGURE I1V-6. Modulus of Elasticity 99, 8% Beryllia Body

Figure IV-6. Modulus of Elasticity - 99, 8% Beryllia
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COMPRESSIVE STRENGTH (103 PSI)
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FIGURE IV-7. Compressive Strength 99,8% Beryllia Body

Figure IV-7, Compressive Strength - 99, 8% Beryllia
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2, Alumina, 99.8 percent AlgOg3, 0.2% percent MgO.

Availabilit: This composition of alumina is available commer-
cially from General Eleciric Company in various
shapes and is identified as Lucalox.

Composition: 99.8% Al903
(Weight) 0.i5 - 0.25% MgO
0.002 - 0.04% CaO
0.05% SiO2
I. Thermophysical Properties
A. Density {T7°F) 0.144 1b/cu inch 3.98 gm/cc (LB 189)
B. Melting Point (°F) 3700

C. Specific Heat(a)

Tempesature (°F) Btu/1b-°F
i 0.32
D. Thermal Conductivity (LB 189)
Btu-ft
Temperature (°F) ft2-hr-°F
7 24.0
500 8.5
900 5.2
1600 3.0
E. Thermal Expansion (LB 189)
Temperature Range (°F) Inch/inch-~°F
77 - 500 3.5x10-6
500 - 1000 4.6x10-6
1000 - 1600 5.3%10-6
1600 - 2600 6.0x10-6

(@) General Electric Research Laboratory
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F.

G.

Electrical Resistivity

Temperature (°F)

17
500
900

1600

Porosity

I1. Mechanical Properties

A,

B.

Poisson's Ratio (77°F)

Flexural Strength (Vacuum)

Temperature (°F)

77
500
900

1600
2600

Modulus of Elasticity

Temperature (°F)

77
500
900

1600

Compressive Strength

Temperature (°F)

77
2880

140

Frequency

DC
DC
DC
DC

Ohm-cm

1.0x1014
2.8x1013
1.5x1012
i.5x% 107

Gas tight

0.205

Psi
61 000
57 500
56 500
52 000
32 000

Psi

56.0x 108
55.5x 106

54.0x1066
52.0x 10

Psi

300 000
36 000

(LB 189)

(LB 189)

(LB 187)

(LB 187)

(LB 187)



II1.

Compatibility Properties

1.

Alkali Metal - Good corrosion resistance in potassium at
1600°F for 500 hours.

Nuclear Radiation Resistance

No significant change in electrical resistivity is anticipated
when exposed to flux levels of 2 x 1020 fast neutrons/cm?2,
An integrated fast neutron fiux of 1019 to 1020 neutrons/
cmz, however, will result in some deterioration of the
physical properties of this alumina body.
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FIGURE IV-9. Thermal Expansion of 99.8% Alumina, 0.25 MgO, Density 3. 98
(Curve Reference; LB 189)

Figure IV-9. Thermal Expansion - 99.8%, 0.25 MgO
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Figure IV-11, Flexural Strength - 99. 8% Alumina,r 0. 25 MgO
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BORE SEAL MATERIALS PROPERTIES SUMMARY

B. METAL MEMBER

Columbium Base Alloy D-43 (Cb-10W-1Zr-0. 1C).

Availability: Commercial; in the form of sheet, strip, plate,
bar and tubing.

9.0 - 11.0% Tungsten
0.75 - 1.25% Zirconium
0.08 - 0, 12% Carbon
0.010% max Oxygen
0.010% max Hydrogen
0.0075% max Nitrogen
remainder - Columbium

Composition:

Thermophysical Properties

A. Density (77°F) 0.326 1b/in3 9.02 gm/cc
B. Melting Point (°F) 4500
C. Spazcific Heat (LB 132)
Temperature (°F) Btu/1b-°F
T 0.052
500 0.061
900 0.0¢9
1600 0.081
D. Thermal Conductivity (LB 132)
Btu-ft
Temperature (°F) ft2 -hr-°F
77 34.8
500 35.0
900 35.2
1600 35.5
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E. Thermal Expansion (LB 132)

Temperature Range (°F) Inch/inch-°F

77 - 500 2,23x10-6
500 - 1000 3.56x10-6
1000 - 1600 4.00x 106
1600 - 2600 5,25x10-0
F. Electrical Resistivity
Temperature (°F) Ohm -cm
7 19x10-6
500 30x 106
900 39x10-6
1600 53x10-6
II. Mechanical Properties
A. Poisson's Ratio (77°F) 0. 332
B. Tensile Properties (b) (LB 132)
1. AtTI°F Psi
a. 0.2 percent offset yield
strength 76 000
b. Ultimate strength 86 000
c. Modulus of elasticity 16.2x 109
2. At 500°F
a. 0.2 percent offset yield
strength 55 500
b. Ultimate strength 69 500
c.  Modulus of elasticity 16.4x 106

(b) The D-43 sheet was annealed for one hour in vacuum at 2600°F, The follow-
ing strain rates were used for tensile tests; To 1500°F: 0,005 in/in. -min,
to yield, 0.05 in/in. -min. to fracture, above 1500°F: 0.05 in/in. -min,

throughout.
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3. At 900°F Psi

a. 0. 2 percent offset yield

strength 54 000
b. Ultimate strength 69 000
c.  Modulus of elasticity 16, 4x 106

4, At 1600°F

a. 0. 2 percent offset yield

strength 50 500
b. Ultimate strength 59 000
c.  Modulus of elasticity 16. 4 x 106

reep Properties

Curves of existing creep data on sheet material are shown in
Figure II-6. Long-time creep properties in high vacuum are
currently being determined on NASA Contract NAS3-2545.

ITI. Compatibility Properties

lo

Alkali Metal - Has excellent stability in alkali metals.
Essentially no attack after 10,000 hours in potassium
at 2000°F. Determined on NASA Contract 3-2140.
Report to be published.
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Figure IV-16. Thermal Expansion - D-43 Alloy
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FIGURE 1V-18. Tensile and 0.2 Percent Offset Yield Strength of D-43
Columbium Base Alloy - 0,012 Inch Thick Sheet.
Elevated Temperature Vacuum at 10-9 torr.
(Reference: LB 132)

Figure IV-18. Tensile and Yield Strength - D-43 Alloy J
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FIGURE I1V-19. Modulus of Elasticity of D-43 Columbium Base Alloy.
Elevated Temperature Vacuum at 10-5 torr.
(Reference: LB 132)

Figure IV-19. Modulus of Elasticity - D-43 Alloy
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Availability:

Tantalum Base Alloy T-111 (Ta, 8W, 2Hf alloy).

tubing, and wire.

Composition: 7.0 - 8, 0% Tungsten

1.8 - 2.4% Hafnium
0. 010% Oxygen nominal

0. 005% Nitrogen nominal

0. 005% Carbon nominal
remainder - Tantalum

Thermophysical Properties

A,

B.

Density (77°F) 0.604 1b/in3
Melting Point (°F)
Specific Heat

Temperature (°F)

77
500
900

1600

Thermal Conductivity

Temperature (°F)

77
500
900

1600

Thermal Expansion

Temperature Range (°F)

77 - 500
500 - 1000
1600 - 1600
1600 - 2600

157

Commercial; in the form of sheet, strip, plate, bar,

16.72¢g/cc (LB 88)
5400 (LB 88)

Btu/1b-°F

0.023
0.023
0.023
0.063

Btu-ft
ft2-hr -°F

26.8
27,5
28.5
30.2

(LB 88)

Inch/inch-°F

3.73x10-6
3.74x10-6
3.75x10-6
4,2x10-6




I

F. Electrical Resistivity

Temperature (°F)

7
500
900

1600

Mechanical Properties
A, Poisson's Ratio (77°F)
B. Tensile Properties

1, At T7°F

a. 0. 2 percent offset yield

strength ()

b.  Ultimate strength(c)
C. Modulus of elasticity

2. At 500°F

a. 0. 2 percent offset yield

strength(c)
b. Ultimate strength(c)
c. Modulus of elasticity
3. At 900°F

a. 0.2 percent offset yield

strength(c)

b.  Ultimate strength(c)
c.  Modulus of elasticity

4, At 1600°F

a, 0. 2 percent offset yield

strength (c)

b.  Ultimate strength(c)
¢c.  Modulus of elasticity

(LB 88)

Ohm-cm

22106
34x10°6
43.5%x 1076
57x10°

0.3 estimated
(LB 162)

Psi

145 000
175 000
26 x 106 (LB 186)

117 500
120 000
25.2x108 (LB 186)

110 000
115 000
24,36x106 (LB 186)

88 000
107 500
23.0x106 (LB 186)

(c) Tantalum Base Alloy, T-111, oxygen, nitrogen, and carbon less than
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0. 005 percent and 0. 001 percent respectively, cold rolled 90 percent
and stress relieved for one hour at 2000°F, A strain rate of 0. 005
in. /in,-min to yield and then 0, 05 in, /in.~-min thereafter.



Creep Properties

Curves of existing creep data on sheet material are shown in
Figure "I-6. Long-time creep properties in high vacuum are
being determined on NASA Contract NAS3-2545.

II1. Compatibility Properties

1.

Alkali Metal

Excellent tested long -time stability in alkali m2tals. In
potassium 2000 hours to 2000°F . In cesium 2000 hours to
2600°F.
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THERMAL EXPANSION (10-6 INCH/INCH)
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FIGURE IV-22. Thermal Expansion of T-111 Tantalum Base Alloy

in Vacuum at 5x 10-6 torr. (Reference: LB 88)

Figure IV-22, Thermal Expansion - T-111 Alloy
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FIGURE I1V-23. Electrical Resistivity of Recrystallized T-111 Tantalum
Base Alloy in Vacuum at 5x 10-6 torr at Elevated
Temperatures. (Reference: LB 88)

Figure IV-23. Electrical Resistivity - T~111 Alloy
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FIGURE 1V-25. Modulus of Elasticity of T-111 Tantalum Base Alloy
in Vacuum 5x10-% torr. (Reference: LB 186)

Figure IV-25. Modulus of Elasticity - T-111 Alloy
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Columbium Base Alloy, Cb-1Zr.

Availability: Commercial; in the form of sheet, strip, plate,
bar and tubing.

Composition: 0.8 - 1.2% Zirconium
0.010% max Carbon
0.030% max Oxygen

0.0015% max Hydrogen
0.030% max Nitrogen

Thermophysical Properties
A. Density (77°F) 0.31 1b/in3 8.58 gm ‘cc

B.  Melting Point (°F) 4375 (LB 164)

C. Specific Heat

Temperature (°F) Btu/1b-°F
7 0.052
estimated

D. Thermal Conductivity

Btu-ft
Temperature (°F) ft2-hr-°F
M 25, 0
500 29, 3
900 31.4
1600 34.5
E.  Thermal Expansion (LB91)
Temperature Range (°F) Inch/inch-°F
77 -500 3.54x%10-6
500 - 1000 3.54x10-6
1000 - 1600 3.54x10-6
1600 - 2600 3.54x10-6
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(d)

II.

F.

Electrical Resistivity

Temperature (°F)

7
500
900

1600

Mechanical Properties

A,

B.

Poisson's Ratio (T7°F)

Tensile Properties (d)

1.

At TT°F

a. 0.2 percent offset yield
strength

b. Ultimate strength

c. Modulus of elasticity

At 500°F

a. 0.2 percent offset yield
strength

b. Ultimate strength

c. Modulus of elasticity

At 900°F

a. 0.2 percent offset yield
strength

b. Ultimate strength

c. Mbodulus of elasticity

At 1600°F

a. 0.2 percent offset yield
strength

b. Ultimate strength

c. Modulus of elasticity

Ohm-cm

17.3x10-6
26 x 106
34x10-6
48x10-6

Psi

35,500
48, 000
11.5x 106

33, 750
47,000
9.8x 106

32, 500
44, 500
8.5x 106

27, 500
34,500
5.9 % 106

(LB 164)

Cb-1Zr Recrystallized sheet, one hour at 2200°F, tested in vacuum.
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Creep Properties

Curves of existing creep data on sheet material are shown in
Figure I1I-6. Long-time creep properties in high vacuum are
currently being determined on NASA Contract NAS3-2545.

IT11. Compatibility Properties

1,

Alkal: Metal

Columbium Base Alloy Cb-1Zr has excellent stability in

alkali metals. Essentially no attack after 10,000 hours in
potassium at 2000°F. Determined on NASA Contract NAS3-2140.
Report to be published.

Nuclear Radiation Resistance
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FIGURE IV-27. Thermal Expansion of Cb-1Zr Columbium Base Alloy.
(Reference: LB91)

Figure IV-27, Thermal Expansion - Ch-1Zr, Columbium Base Alloy
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FIGURE 1V-29, Tensile and Yield Strength of Cb-1Zr Columbium Base Alloy
in the Recrystallized Condition, (Reference: LB: 164)

Figure IV-29, Tensile and Yield Strength - Cb-1Zr
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SECTION V

CONCLUSIONS

"The practicality of handling alkali metals in a high-quality vacuum -
rurge chamber to achieve low impurity levels in loaded capsules

was demonstrated. Oxygen levels of less than 10 ppm were attained.
This is the present limit of detectability by the mercury amalgama-
tion and titration method of separation and analysis.

Of the ceramics which are commercially available in sizes larger
than four inches in diameter, 99.8 percent BeO (Thermalox 998-
Brush) is superior for alkali metal systems. There was no signifi-
cant degradation detected after 500 hours at 1600°F in potassium
vapor.

One hundred percent AlyO3 (Sapphire-Linde) and 99.8 percent Al9Og
(Lucalox-G. E.) were similarly unaffected by 500 hours exposure to
potassium vapor at 1600°F.

Low silica (nominally less than 0. 1 percent) ceramics such as Ei3-3W
alumina are unsuitable at 1600°F in potassium vapor and 1000°F in
NaK. The silica content of ceramic bodies for test purposes or bore
seal construction must be closely controlled.

The (99.8 percent BeO)-(56Zr-28V-16Ti)-(Cb-1Zr) seal system repre-
sents the best of the 1600°F potassium vapor exposed systems and
was also satisfactory after 500 hours in lithium at 1000°F,

The three active brazing alloys evaluated in depth on this program
alloy rapidly ‘vith the Cb-1Zr metai member, with the result that
brazing time -temperature variations tended to over~shadow the
effects of the 500 hour exposure to alkali metal vapors.

The modulus-of-rupture and tab-peel assemblies are capable of

resolving ceramic-to-metal seal strength variables as readily as
the CLM 15 tensile test and drum peel test assemblies.
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10.

Work on tungsten base metalizing paints with thermodynamically
stable secondary phases showed these compositions to be exces-
sively brittle after sintering.

The susceptibility of thin-film molybdenum metalizing to solution
by the nickel-base braze alloy through imperfections in the iron
barrier layer has redirected the interest in this approach towards
the use of thin-film metalizing as a wetting aid for active alloy
brazes to ceramic. Initial tests indicated unusually high tensile
strength.

Electroformed nickel seals between columbium 1 percent zirconium

alloy and metalized ceramics, although vacuum tight, exhibited
inadequate strength for load bearing applications.

175

PR



APPENDIX A

BIBLIOGRAPHY

Appendix A presents a bibliography abstracted dux:ing the literature search
phase of the program.

The literature search was divided into several categories; namely, ceramic
gap liner materials, metal member, ceramic to metal joimng techniques
and brazing materials, and alkali metal corrosion technology with respect
to these materials. Information was sought on physical and mechanical
properties of candidate materiais along with fabricability.

A division of effort on the literature survey was made. Eitel-McCullough
covered the ceramic and seal materials and sealing techniqures with supple-
ments by Westinghouse. Westinghouse conducted the survey on metal end
materials. The appraisal of alkali metal compatibility with bore seal mate-
rials was covered in a joint effort.

Dr. Walter H. Kohl was acting consultant with Eitel -McCullough and directed
the Eimac Literature study. The literature surveyed included:

Battelle Technic..] Review 1961-1963

Applied Science and Technology Indexes 1958-1963
Engineering Indexes 1958-1963
ASTIA Indexes 1959-1963
Nuclear Science Abstracts 1955-1963
NASA Indexes 1958 -1963
Index to Publications of the American 1922-1955
Ceramic Society and

1958-1963

Literature and Book Index of the National
Assnciation of Corrosion Engineers 1945-1961
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ASM Review of Metal Literature 1960-1962
Werkstoffe and Korrosion 1961-1963

In addition to the journals and abstract bulletins listed above, the follow-
ing publications were selectively reviewed.

Atomkern-Energie

Aerospace Engineering

British Ceramic Society Journal

Berichte der Deutschen Keramischen Gesellschaft
Corrosion Abstracts

Corrosion et Anticorrosion (French)

Corrosion Science

Corrosion Technology

Journal of Nuclear Energy

Journal of Nuclear Metallurgy

Liquid Metals Technology Abstract Bulletin (M.S.A. Res. Corp.)
Metallurgical Abstracts

Nukleonick (German)

The following information centers were contacted.

Thermophysical Properties Research Center (TPRC)
Electronic Properties Information Center (EPIC)
Mechanical Properties Data Center (MPDC)

Defense Metals Information Center (DMIC)

DDC Telephone Rapid Search Service

Five producers of refractory metal alloys being considered in the bore seal
program were contacted to obtain current information on commercially
available columbium alloys. Information obtained consisted primarily of
specifications, with some data received from their technical departments.
Supplier information on columbium-1% zirconium v.as especially meager in
regard to physical properties as a function of temperature. Personal con-
tacts were2 made with a number of firms now investigating various phases
of ceramic-to-metal seal technology.

The bihliography was prepared for IBM punched cards. It differs from the
conventional practice of presenting references, and is of added value be-
cause of the additional information which it provides. Titles of papers
often deceived the reader; therefore, a "key word' or 'descriptor' was
defined for each reference. A code number at the end of the reference
alerts the reader to the type of property information available. The code
selected is as follows:
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o

Not applicable to this study, but considered of sufficient general
interest to warrant reporting.

Mechanical properties other than creep and fatigue.
Creep

Fatigue, combined loading

Welding, juining, fabricability

Magnetic properties

Thermo-physical properties other than electrical.
Electrical properties

Compatibility, environmental, other than liquid metal.
Compatibility, with liquid metal.

O CO=JOO T oD =

The punched card format required three 80 column cards to complete the
reference. The format used in printing follows:

Line
1 Bibliographic Sheet No. Material Name of Descriptor  Author
Title
Periodical, Report or Book Property
References Informa-

tion

The property information code prints in column 76-79 of the third line and
allows a standard card sorter to be used when a search for specific proper-
ties is initiated. The cards can also be computer programmed if a more
complicated search is required. The second letter of the Bibliographic
Sheet Number indicates the type material to which the reference pertains:
LB being bore seal materials.

Three printouts are presented in this Appendix: one listing the references in
numerical sequence; a second listing authors in alphabetic order; and a third
listing the key words in alphabetic order.

Topical Arrangement Page

Numerical Listing 179 to 208
Author Alphabetic Listing 209 to 239
Keyword Alphabetic Listing 240 to 269

18



. ¢ e T s

8 2 8561 330 »o-1SG(Z21)%y ALIIIOS JIWVYEID NVIIY3WV TVNINOL
SICIXC HLIWVI 3J¥vY 40 SOJILSIYUILJVUVHI SNIYIINIS
T 9 Z1i3CTd M 3 UVINALSAYM 3 H SVWNG S3CGIX0 HL¥VI IY¥VY

68 LG61T AVW 622-6L12d 9¢ A TYNYNOr ONIGI3IM
SAQTIV ONIZVYE dW3l HOIH 40 3IONVISIS3Y NOILVAIXO GNV NOISOYH0D WNIGOS
v 13 4 3 N3ILI3T W 9 ¥31HONVS SACTIV ONIZVYE

8 2961 TI¥dV 66Td SH%YA OJ0S SIIWVYE3ID NVIIU3WVY 40 NINGr
VYNIWNTVY 3SN3G ¥04 S3INGINHI3L 9ONIHOL3 AGNV OSNIHSINOZ
V ¥ 3TVAONA C S GY0d 3 ¥ SYIANIIAOKW VNIWNTY

8 196T ¥VW S%Id #%A J30S SIIWVYII NVIIYIWY NdNOT
AGNLS JIHAVYHIOTIVLIIW ¥O0d SOIWVY3ID VNIWNTY HOIH 40 ONIBSITO0d4 431713Y
Y3134 S3CAIT3ONV VNTROTV

8 €661 AVW 86-261d 9¢A J0S SIIWVY3IID NYII¥IWY Nu¥NOr
SIV3S TVLIIW CIWVU3ID 40 NOILVNIWVXI JIHAVEOOTIVIIW
9 v SNINiId Sv3s

8 €961 933 0L-99d Z2%A D20S JIWVY3ID NVIIM3IWV NILITING
SIV3S TVLI3IW NO SOIWVHID VNIWNIVY 40 3ZIS TVLISAYD GNV dWOD 40 £J33443
4 F GAOTS $IV3S

K4 €96T¢TT 3INNC 9159 fOYUd Z¥¥6(L169)ee3V LDVUINGD 2 1d¥ J0¥d ¥vNnb
STIO4 TVIIW A¥OLIVE43IY ONINIOCE
3 V 347TVoLIN SAQTIV WNISKN0D

& 66T HI¥VW €9-9%1 d(€)L€A J20S IJIWVAEII ¥IWV 40 TVNENOF
SIVLIIW GINDIT NI SITHCLIOVYLIY 40 ALRITIGVLS
T 3 G33¥ WNIaos

0 €96T*ET ¥VW dd81 0.8662 VILSY ZTLT290Lld TVIIAOI¥3d NVISSNY
AS0TI0ONHOI3L NI 3SN MI3H! GNV 3CQIXO WNITIAYIEG HLIM SW3ILISAS
V ¥ A3AVAT3E d d AOMNINGNG VITiAY34d

& 1961 9V TVYNOILVN 39CQIY %VO G22A0HZ5Z INYO
dW3l Q3LVA3TI3 LV WNIHLIIT AG SIVI¥3ILIVW 30 NOISOUMNOD
3 3 NVWI40H A2 NOISOYYOI*WNIHIIT

——

o181

641

881

£87

987

s87

%81

cdl

28

179



X4 1961 AINE HZ2-1-19 TINYO
WNIGWNT0D 40 ONIZVYE NO L1¥0d43¥ SS3¥30¥d

9 ¥ GNVIITII9O M 9 XOd KNISWAI02 0281
8 . 296T¢TT AINC €ST OW3W JIWQ
JLTHAVY9 N2ISONAL WNIVINVI WAN3CGEAI0W WNISWNTOD 40 ONIANOGS GNV ONIZVyS

W ¥ SNYAZ 3 H 331ivd WATVINYL 6191
8 Z96T¢TT AINF €ST OW3IW ILALIISNI IWIYOWIW 3V1I3LLVE 1WA
JITHAVYS NILISONALI WNIVINVL WAN3GEATOW WNISWNT0D ONIGNGS ONIZvyd

W ¥ SNVA3 3 H 3311Vd WNIGWNT0D 8181
0 1661 INAPF 62-€JT(9)9€ ALIIIOS JIWVYIZ NVOII¥IWY 30 TVNUNOP
S3IAI¥0S AWOLIVYS3Y 40 AGALS V

v 13 7 ¥VN3ue S3GIY0S 2191
) 1661 834 SH-2H{2)1€ ALIII0S JIWVEID NVIIUIWY TYNUAOP
ASYINI JIWVH¥3D TVIIW 30 INIWIUNSYIW IINTOSSY AI SNOILIVHIENT JIWVHID TVI3W

a M AYIONIM YNIWATY S 1g7
8 €651 730 60-€0H(ZT)9€ ALIIIOS JIWVYID NVIIN3WV IVYNMNOP
dW3L A3T3 IV NGILIVIYW 3IOVINIINI 3CGIX0 TVE3W II SNOILIVUIINI DIWV¥3D TVi3W

G M AYIONIM VNIKAIY G181
9 1S6T 9NV 81-%2Z2(8)0% AL3IZ0S JTWVYID NVIINIWV TYNINOP
SIIWVY3D 3JGIXO WRI¥LIA 30 S3II1¥340¥d

3 3 SI1¥ng JQIX0 WNINIIA %1897
9 6G6T WYW 96-TST (€)2% AL3IIIOS JIWVHID NVIIYIWY TvN¥nOr
3IQIXO WNIGOY¥N3 40 S311¥3d0¥d JIWVYID

9 v d¥VHLI 3 2 SIL¥ND 3GIX0 WNIdo¥N3 €197
g 1S6T NVF 61-6T €(1)0% ALIINOS JIWVE3D NVII¥3WV IVNINOP
IGIX0 WNINTOGYS OGNV 3IGIX0 WNIYVWYS S0 SIIL1YIS0¥d IIWVE3D

¥ F NOLSNHOF 3 2 SIL¥AD JOIXO WNINITOOGYS 2191
9 1661 NVE 6T-GTI(T10% AL3IJ0S JIWVYID NVIIHIWY TVNBAOE

3GIX0 WNINITOGVYS OGNV 3CGIX0O WNIYVWVS 40 S3IL¥340Ud JIWVUID
¥ NOESNHOr 3 3 SIL¥nd 3AIX0 WAIYVHWVS 1197

180



819

<t Y p—

cGot AVW 691 1¥O0d3¥ JINWG
dW3l HOIH 1V SIVL3W INSWNIVINGD NO STIVIIW ITVYXTIV N3ILI0OW 40 123443

34 W OVILIVRKV

STVLIWN ITVNTV

6G61 ATINC 299-3091d Z20TA ALIIV0S TVIIWIHIOWIIZITI IO TVNAENOF
ST/3S JIWVYID 06 TVvi3IW J¥NIVEI4WIL HIIH 49 MITA3Y

FIT 3NAVH ¥N0OWIVd

SIv3as

HC6T TIYAV HZ-GTd €9A IV IJIUVYID
S 1933 JIRVYN3D 06 SIVIEZW NUNIVEIHWIL HIIH

v 43JNd38

SIv3s

666T INNF L-T10€d [tA ALIITOS DJIWVYYID NVIIUIWY 3HL 40 NIL3ITING

IONIANOG TviZd
¥ 9 N3LINOH

0L JIWVY3ID d0 ASAUNS ¥
savaT

21 096122 934 621 140d3¥ JINWG
SAOTIV WNISWNTIOD ANV WNIBWNTOD 40 S3I1Y¥3d0dd TVIINVHIIW OGNV TT¥3ISAHd

V £ XON0H S 3 113711¥VE

SACTIV WAIGWNTOD

2961 AVW 69%-T9%{Si1¥ TTVNUNROr ONICTI3M

W 9 Y¥YILHONVIS 9 ¥ ATTI3INNOG

2961 NVI 1R d 21sel NSVLI #8%L(919]}¢cc

JLTIHAVYEO 40 ONIZVYs
JEIHAVYY

IJ3VULINOS 265~-29 ¥l ASV

N3LSONNL ANV WNISWNTI0D 30 IONIZVYE ¥O0d SWILSAS AOQTIV

d M 2NAGA

WNISKNTOD

0961¢%2 L1300 6121918dS1i0 69 OW3IW DING
SACTIV WNIGWNT0D ANV WNISWNTOD 40 INIQTIM

f 4 T3dd3IY 3 ¥ 30UNOW £ M INSMONdIT

WAISWNIO2

2961%8 ADN €1% WL INYG

SIIWVYI] 40 9INIZVHE 180d43¥ SSIY90Ed

M 3 %04

VIS3NOVNW

29618 AON £1% WL TINYO

SOIWVYIT 40 ONIZvYg 1¥0d3¥ SS3YI0Ud

M 3 XOd

VNIRNIV

0e8

6281

8287

L2871

3291

o287

28

€291

2287

1281

4 N4



8 9 % 21 6661

STIVIIW AYDLIOVYS3Y NIVIY¥3I3J 40 IJNVISIS3IY NOI
M € NOSTIM V @ X027IM 3 1 71311

8 ¢ % ¢t 6661

8

9

L9

19

STIVIIW AYOLOVYS3IY NIVIY3ID 40 3IJNVISISIY NCI
M M NOSTIM V 9 XO27IM 3 1 7131l

A 6661
SIVLIIW DVE43Y NIVIWID 40 JONVESIS3Y NOILVQIXOQ ORY €
Mo NDSTINM Y € XO3TIM 2 1 ZiSilt

o 29361
A3AYNS 3UNLIVYILIT ¥ 8W0OD AINCH JIWV
NOTIVIAY NVI3IY¥3IWY HLYON

Z 1961 ATINC 28T1-19¥L 4SV HViN d4C AINN 2
STIVIYILVYW JIWVY¥3ID NO SL23443 v iNG
TV 13 M 3 dWVHONV3E 9 8 NWIOIA S 9 ¥3INVe

€961
JIWVYID O TVLIIW
g A NINgY

1961 0¢ ACN
SIVIYILVW A¥OL3vYd43d
T ¥ S1IVM g 1 d ¥3IJVHS

o

196t ©
STIVIYILIVKW AYOLIVH43Y
T Y SLIVM 8 1 d ¥34JVHS

19-0€-% 6912920V 3JLNLTIISNI 3T13L1IVE %6298
SOIWVY3T 30 S311d3d40¥3 LNV
f 3 SN

0961
S3JIA3C SNILNIS diwdl
vV Vv NV¥L36

0c N¥f <S81ISt 8d SI1O
IVQIXO OGNV d0¥d HIZH
WNIWSO

0¢ NVI GS81IST g9d SiO
iVGIX0O ONY d0O¥d HI3IW
WNINIHY

0¢ NVFP 6431ST 8d Si0
4119834084 TVIINVHOZH
WNISWNI0J

6 89334 So¥Zsea” VILISY
Y33 GNV VO3 JINviEld
wv0d SJIWVYE3D

€89/919/¢€3Y id¥ ASV
WNOYIANI OGNV 3Jvs¥ns
YNIRATY

€ ¥dV 969662QV VILISY
ONINICE ¥0d GOHI3W V
SIvY3as

3.0892QV VILSY
VELIN 46 EN3WAL IIA3U
$3418UVI

€ AGN 9208920V VILISV
viiin 40 IN3W40TIA3C
VNIROTV

3S6€0-9cVG 1dY¥ TYNIJ
1STIS3Y %50HS TVWYU3HL
VNIWATV

6 AVW §590%2aV VILSV
NV NIVYLS dW3i HOIH
J1IH4VYO

0%81

6€d1

9¢81

$€81

7€81

(AR

2e8

€97

182



8L9

819

819

8.9

8 9

K4

o)

A |

21

el

FA |

21

2t

. e P

1961 €22191 84 S1O
GNY d0¥d dW3i HOIH
WOINZHLINY

1961 €<Z8191 494 SiO
GNV d0¥d dW31 HIIH
WAIWSO

T9€T €26191 dd SIiO
GNV d0¥d dW3i HOIH
ANIQIYE

1961 €28191 8d SiQ
GNV d0¥d diW3i HOIH
KAIQOHY

1961 €28191 €94 SiO
GNV d0dd dwW3i HOIH
WNRIaVIvd

1961 €28191 84 SiOD
CNV dO¥d diWw3t HOIH

e e e

SIVLIIWR WANILVIA AYOLIVYI3Y 30 YOIAVHIE ONIADTIW
I ¥ 2334vr 3 4 N3GI0H M ¥ SV1I9Nn0aQ
STIVLIW WONILVId AY0LIVHE43Y¥ 40 YIIAVHIEG IGNIAOCTIV
I ¥ 3334ve 3 4 N3IQIOH M ¥ SVYIONOC
SAIVIIW WNNIIVId AYOLIVY4IY =0 ¥OIAYIIZEG ONIACTIV
I ¥ 3344vF 3 d N3IQIOH ¥ ¥ SYISN0a
SIVI3W WNANILIVIE AYOLIVYIIN IO YOIAVHIE ONIACTIV
I ¥ 3344vF 3 2 N3CQT0H M ¥ SvIdn04
STVI3IW WNNILlYId A¥0LIOVYIIY 40 YOIAVH3IEG INIAOYVIV
I ¥ 3343¢C 3 4 N3QT0H M ¥ SVI9N0a
STVI3W WNNILIVIE AUBLIVYLAIY J8 YOIAVYHIE IONIAOCTIV
I 4 334490 O3 4 N3QTIOH M ¥ SYI3NGa
6961 0t NVIF
STVIIW AYOLOVY3I3IY NIVIY3IT 30 FONVISIS3IY NOIiVAIXO

M £ NOSIM v g XOJ17IM 3 &L 728311

6661 0t NVP
STAVLI3IW AY¥GLIVYI3Y NIVLENID 30 3IONVESIS3IY NOILYOINC
M £ NOSTIM V @ XOJTIM 3 1 71311

6G961 0¢ NVF
STVL3W AY0IOVY4A3Y NIVI¥3ID 40 IONVISIS3IY NOIIVAIXO
M © NOSTIM v 8 XO0J317IM 3 &t 71311

6S61T 0¢ NVP
A¥013vY43Y NIVEIY¥Y3ID 40 3IONVISISIY NOILIvVAIXO
M NOSTIM VvV 9 XOOTIM 3 1 71311

SIViI3W

WANILVId

cGe8iIsT 84 Si0
NV dOdd HI3K
HAIGYNYA

sG81¢tT 8d Sio
aNY oJddd HI3IW
NIL1SONNL

6G681StT 8¢ SI1OC
GNVY d0¥d HI3IW
WATVINV S

$G81IST 94 S1O
GNY d0¥d HI3W
WNIROYHI

0583

6987

8431

4487

9991

s%81

Kad N

€99

2987

%81

1006



€661 6-€0% (Z2T)9€ SIVM 30S SIIWVUID YIWV IWNUALE
I1 SNOILDVUIINI JIWVY3D TTVi3NW
G M AY3IONIM VINVLIE

€661 6-€0% (2119€ SIVF J0S SIIWVYII UIWV TYNENOF
II SNOTIDVY3IUENI JIWVY3D Tviaw
a M A¥3IONI VISINOVNW

€661 6-~€0% {(2119€ SIVIM J0S SIIWVE3D ¥UIWV TVNENROP
1T SNOILDVYILINI JIWVUID TVi3NW
g M AU3ONIM VIYOHL

€661 2330 6~€0bd (ZT)I9EA 30S SIIWVUID ¥IWVY TVNIAOL
I1 SNOILDVUIINI JIWVYID VIR
g M AY3IONIM VITIAY3d

Y 2961 TT ATINFM €ST OW3W JIWG JLNLILISNI TVIYOW3W 3ITI31LIVE
JLIHAVYS NILSONAL WNIVINVL WNN3ASATOW WNISWATCD 40 ONIGNOE OGNV IN17vid
W 84 SNVAZ 3 H 33ilvd 31IH4VIO

Y 29617 IT1 ATNF €S9T OWIW JIWG ILALILISNI IVIYOW3IW 371311VE
31IHAVYES NILSONAL WNIVLINVE WANIQEATOW WNISWNTOJD 30 INIANOY GNV INIZVYE
W ¥ SNVYA3 3 H 33Ltivd N3 1SONAL

N4 2961 1T AINF €ST OWIW JIWA 3ILALILISNI IVINOW3IW 3T11311VEe
JLIHAVYY NILSIONNLE WNITVINVL WNANICQEATOW WNIGWNTI0D 40 ONIOGNOS ANV 9NIZvie
W 4 SNVAZ 3 H 331ilvd WATVINVL

b 2961 11 AINF €ST OW3W JIWG FLNLTILISNI WIYOW3IW 3713iive
J1IHEVYO NILSONAL WNTVLNVL WNANIASATOW WNIGWNTO0D 20 ONIANOE OGNV INIZVYS
W d SNVAZ 3 H 331174 WANIASATION

14 2361 NVI® 2TGEL MSYL $8%2(919)€c 1IVUINOD 265-19 ¥i OGSV
N3LISONNL OGNV WNISWNTO0D 4C ONIZVY8 ¥Od SWILSAS AOTIV
d M ONNOA SACTIV 9NEZvug

N4 2961 NVP ZTIGELNSYL (9191ce LIVYING] Z66-~19 ¥t QSV
N3ILSONNL ONV KNIGWNT0D 40 INIZVYE ¥0d SW3LSAS ADTIV
¥ M SNNOA N31SONNL

0987

6s81

868l

46971

94871

5687

»ea

€681

2s81

1687

104



W3l

dW3l

dW3l

diW3l

dwW3l

dW3l

40

40

40

40

30

40

6661 AVW 09-%62d (S)ZHA SIVP
NOILONNS SV STIVINILIVW A¥0L13vdd3d SAOI¥VA 40 SATNAOW SONADA
V G NIVT @ I NVWLIHOVM VINGOOY¥IZ

6661 AV 09-%62d (G)ZHA SIVTP
NOILINOD SV STIVIYILVW A¥OLIVYI3Y SNCGIYVA 40 SATNAOW SINNDA
V G NIV 8 £ NVWLIHOVM VIHOHL

6661 AVH 09-%92d {G)ZHYA SIVFE
NOILINNZ SV STVIU3LVW A¥OLOVY43IY SNOIYVA 40 SATNGOW SIONACA
V @ NIVYI 8 © NVWIHIVM VIS3INOVW

6661 AVW 09-%52d (S)}Z%A SIVFP
NOILONNZ SV STIVIYILVIW AUOLIVYEI3Y SNOIYVA 40 SNTNCGOW SONNADA
V @ NIVT g £ NVWIHOUVM Agny

6561 AVH 09-%52d (G)Z¥A SIVP
NOILONND SV STAVIUILYW A¥0iIIVUIIY SACIUVA dJ0 SNINACW SSNNOA
V G NIV 8 £ NVWIHOVM 3Y1HAAVS

6961 AVW 09-%G6dd (S)ZHA SIVP
NOILINNS SVY STVIY3LVHW A¥OLIIVAH43Y¥ SNOIYVA 40 SATNGOW SINNOCA
V @ NIVT 98§ © NVWLIHIOVM UNIWNTV

L56T AON 68-L2ed(TTI0HA J0S ¥3J ¥3WV JO TVNENOF
IT STVLISAYD IISONIS 3CQIX0-IIWVYII 40 NOILVWE043Q JI1SVid
H T TI3MXVIN 8 © NVWLIHOVM FYIHIAVS

2961 AVW 2L.2-29 ¥l GSV
SUINSIHM VNIWATY 40 SISATVNV OGNV HIMOYS
8 7 NOSNISOY M dJ MU3IATHVA 1 3 HONAT SYINSIHM

2961 AVW 2i2-29 ¥l ISV QSV
SYINSIHM VYNIWNTIV 40 SISATYNY OGNV HIMO¥S
9 1 NOSNIGOY M 4 M3IQIHVA L 2 HINAT VNIWNIY

2961 8 AON €l% WX 1d43¥ HI31 TNYO
SOIWVY3II 40 INIZVvYE8 13¥0d43¥ SSI¥I0Yd
4 3 Xod 311H4VY9

0rg1

69871

8981

19871

994971

$981

987

€987

2981

19871



68

g 1 196191 AVW 201 WNONVYOW3IW JIKG
STIVINILIVW JITIVLIW-NON GNV J1TIVLIIW 20 ¥OIAVHIE 371i1¥9 3HI 40 NOSI¥VAEWOD
I 4 3344VF L 9 NHVH S3QIX0 JIWVY3D

2961 AINPC G008(LS9)ECdy Ld3a¥ LYVND GNZ O%6L.L2Cv ASY
HILUIANCD DINOIWYIHL 3C0¥LIDI3T3 AYVITIXNV NV 40 IN3IWJOT3AZA
r f AQVY¥9G 9 4 %3074 WNIS33 ViI3IW ITVXTV

K4 296T ZT HOYVW 18+%€l2AV NOILVANNGCY HI¥VISIY UNOWAV
SUILYIANOD JINCIWYIHL NI SW3190¥d YOLVIASNI GNV v3S

M G NOSNIAZT €02V VNIWNTV

N4 2961 11y¥dV 03 NIV13d¥0d Su003 AIQ SIJNG0¥d M3N
NOILIG3I GNZ XNOOSANVH IWoavy

IV 13 NVIV 091Q3d VNIWATY

G T 0961 NVF 601~¢0T1 d 8%%-6SG 1d3¥ HI3IL DJQVM
STLW 3INITIVISA¥D DJITIVLILI3WNON A¥0LIVYS3Y 40 AIAUNS AL¥I40Wd TVIINVHISH

TV 13 3 7T NOYOS G M AITINWS VI¥OH1

2961 ¢ AON 6¢€d 6LLZSWVT 8V JI4ILINIIIS SOWVIV SO
SIVLIW GINDIT AS NOISOUWY0D NO AHAVHIOITIEIS
f N3IT3IH N3IHD STIVIIW 1TV

0 2961 330 SEY8{9TgIceEdV $96-29 ¥l ASV
SIVI¥ILYW EINIWNIVINOD NO WNIS3ID ¥O4VA OGNV QINDIT dJ0 Sid3443
f N NYW#40H L M ¥3TIONVHD WNIS33

0 1961 A €6=-GLl%d O9A AL3IID0S JIWVY3D HSIiIYS
. WNIWOHL GNV WNINVYN 40 S3IAIY08VYL3L 3HL 30 AdANLS
H S3NOPr ¢ M NOSYILLVW S34aryod

b 21 €961 ST AVW 09TZ-ESVN VSVN
INSWNIVINGD TVLIIW X1V ¥04 (6GSV) AOTIV €3 HION3YES HOIH V 40 NOILIVATVAI
9 o MNNVEd N 0 VELI3INIW 9 ¥ NOSTHVI WNISGWATI0J

9 6G6T AVW 09-%62d (S)ZvA SIVP
dW3L 40 NOILONNS SV STIVIYILVYW A¥OLOVYdI3IY¥ SNOIY¥VA 40 SNINCOW SONNCA
Vv @ NIVT @ [ NVWIH3VM 3019dVID NOJITIS

088l

61871

8121

L1871

991

Si81

%81

clgl

2ig

12871

10n



At S RO s — e e

4 €961 130 9¢6—LYLASVY 9¢c6~L 0¥d Ove6llsoicedV
SUIONVHOX3 LV3H LHOI3ZMIHSIT 40 IN3WdOT3A3IC ONIYALIVIONNYW OGNV NOIS3C
0 M 43MIvd WNIgWNiod 06871

9 % 2% €961 3INAPC TE80T(Lc9lecdV Y3IANN 2866090V VILISY
SACTTIV WNISWATOD ONITT0Y 3IdVHS ¥0d4 S3IUNd330¥< 40 IN3W4OTI3A3d
¥ 4 S31¥03 M 9 3LIHM SACTIV WNIGWNTIOD 6881

9 v 1 €961 &1 INAM 96860%30C C-9590-2IMON 1S3IM A8 1d43Y¥ 43IMNT AAVN
133HS AOTIV WAIVINVE 40 NOILVATIVAI GNV NOIL1ONGO¥d 107id
P ¥ A37938 1 ¥ NOWRWV TET-1 WATVINVL 8881

10 €961 12 NVI T%€962av VILSY 28600-29 MON NO id3d VNI
SACTIV WNISWNT0D G3LV0D ¥03 AQNLS VYiva NSIS30
390 I14¥QT100M OWVY NOSHWOHL SACTIV WNIGWNTOD $8871

i 2S6T 230 €€-82¢ 4 (ZTISE J0S JIWVAEID NVIIN3WV 40 N¥NOF
SIAIX0 JIWVY3ID IUNd 40 JYNTIVL SS3UYLS TVWEIHL
8 ZLYVMHOIS VIS3INOVW 9881

s ]

2661 230 €€-62¢ d (2118 J30S JIWVY¥IT NVIIUIWV 40 TVMNACE
SICIXOC JIWVY3D JuNd 40 FJENTIVY SSIULES TVWEIHL
g ZIYVMHIS VYMIRMIV s8¢

6 0C6T ATINE LTIHYy TINY 8V TVNOILUN INNOOWV
STIVLIIW GINDIT AQ MOVLILEV OL STVIYWILVW 40 IINVESISIN
T 4 FIOOVA G M NOSNINTIM d T Nviiad STIVIIW IT¥NTIV %887

68 GG6T¢T ATAf NOILIG3 QYIHL SHIHSAE OGNV 33V
IN3W3Tdd4NS MNYN WNIGOS MNOO08ONVH STIVIIW AINDIT
v 13 g 3 NOSMHIVP SIVIIW ITVHIV €881

6 2961 120 €008(169)cedV 1d3¥ 1YvND QYE $2¢98204V GSVY
YILUIANCD JINCIWHIHL JA0YLIITI AUVITIXNY 40 IN3WEOT3IA3A
r £ AQVY¥90 9O 4 %2078 WNIS3D TVi3IW VNIV 28491

9 1 T961°9T AVW LOT WNAGNVYOW3IRK JIWC
SIVI¥ILYW JITTIVLIN-NON GNV JITTIVLIW 40 HOIAVHIE 3TLLIY¥G 3HL 30 NOSI¥VIWOID
I ¥ 3343vF 1 9 NHVH WANIASATIONW 18871



T 2961 1IddY 66-86T1d G¥YA 30S JIWVI3IJ NVIIY3IWV 20 TUYNIAOF
S3ICIXO A¥0LOVYIIY SNOYUOd d0 OILVY SNOSSIOd SATINAOW YVIHS ¥O0d SNOISS3I¥dX3

V T 3113SSTYE W ¥ SO0I¥dS VNIWOTY

8 Y 2961 dVW LZ-€21d G%A J0S JIWV¥ID ¥IWV 40 TYNUNOF
S3YIHASOWLY 40 133343 UYNIRWATVY ISNIYU3INIS

T ¥ 37800 UNIWNTV

Y 2961 Y¥VKW 81-611d SH8 30S JIWVYID ¥3WV 40 TVN¥nof
SAOTIV IIUTIN-IVIHLLYS I SOIWVEID ANV STVEIW NIIML3IE SNOTLOVIY IDVIYIINI

4 0 3UYVIT T V UICQVIUVHI W M ONOYLISWYUY JYIHALVS

g C I9 T 130 s26d HHA 2055 IJIWVHEIT ¥IWV 40 TYNEQOCP
diW3t HOIH LV 30IgYUVI WNINVIIL J0 ALIATILIONANOD TTVWYIHL

3 ¥ ¥OTIAVL 3QI88VI WNINVEEL

L 196T 1d3S ¥9%-6S%d ¥HA 30S IJIWVEIT ¥3IWV 30 TYNINOC
dW3L HOIH LVEOZTV 3NITTIVEISAUIATIOL + TTVLISAYUD ITINIS 20 S3ITLY¥3Id0Ud TvIIYLEI3I3
a M AY¥3SONIY ¢ Siddvd UNIRNTV

9 8661 AON 2689020V H12-89 ¥i J0VM
S31LYId0YUd TVWU3IHL 30 SINIWIYNSVIW

v 13 3 f 39G3H 9 I 3ISACHATI3IIL WOIgWN103

S 8661 ADON 2689020V %L1Z-89 ¥l JAVM
SITLY340¥d TVWUIHL 30 SINIWIPNSVIW

¥ 12 2 F 39G3H 8 I 3ISNOKAT3Id UNIWNV

g 8661 AON 2689020V %i12-8S ¥1i 30VM
S3ITLIUI40Ud TVYWUIHL 40 SINIWIENSVIW

Y L3 3 f 39Q3H g 1 3ISNOHAT3IZ JY¥IHLAVS

K4 0961 03 18Nd GIOHNI3Y 009
S3IENL NOBLIJ3IT3 ¥O04 SINVINHIIL ANV STIVIN¥ILVNW

H M THOM SIv3s

9 €961 02 AVW G d $96G 1d3¥ GV HIYVISIY TVAVNW

1d3Y¥ SS3U00¥d ¥VND HI6 WNISSVLOd ANV WNIACS 40 S3ITid3d0¥d dW3Lt HOIH
Tvi3d ¥ £ NNVAS d4 ¢ 3INOLIS £ 2 ONIM3 2T WAEEWNI0D

0191

%0181

20181

20t81

10191

s64971

#6871

€681

26871

1681

100



€61 NVF 0T-9d 9%A 30S JIWVY3I3 NVII¥3IRV 40 TvNENOoP

2961

STIVISAYD ITINIS VITIAUIG 40 HIMOUS
g S NYWY3LISNV VITlAY3g

120 98-61%d SH%A 20S JIWVY3I3 NVIIUIWV J0 TvN3Nor

JAIX0 WNNIWATV SNITTIVLISAYIATIOL 40 HOIAVHIS NOILVWIOI3d

H 4 NOLYON I S MVHSYVM VYNIWNTV

0 2961 1d3S 26-6€%d SHA 30S JIWVEID NVIIYIWV 40 TJvNIAOP
JYNLINYLS NOILVYI0TISIC II WACGNAY0D 40 IUNLITNYLES IovAINS

d SE819 ¥ NI3TdNIHIS YNIWNTVY

2961 1d3S 91-21%d SH%A D20S JIWVY3IZ NVIIYIWY 40 TVNYNOr
ACTIV ONITTY3S SSVIO 171vE03 TI3UIIN NOYI 40 NOILVZIUNng¥vI3d

3 W SILION Siv3s

2961 1d3S Z2I-i0%d SYA J20S JIWVYIT NVIIY3WY dJ0 TvNu¥nof

STVI3W AYOLOVEd3Y 11

SOIWVY3D OGNV STVIIW N3I3ME3I9 SNOILOVIY 3IVIUIINI

IV 13 3 V U3AVHNVHD W M INOYISWEY Sv3s

1 2961 INNF6eL-912d SHA 30S JIWVYID NVII¥IWV 4O TVNIAOTH
I 3YIHAAYS 40 STVLISAY¥D ITONIS 40 S3II1¥3d0¥d MOTd TIVIIWVNACD
T W OYIGNOYA JYIHAAVS

2961 3INNF 9-60€d SHA J0S IJIWVE3II NVII¥3IWV 40 TVYNENOP

3 930 0 OL 002- LV SIVIY3LVW 30 NOISNVdAX3 TUWE3IHL

W dng VEITIAE3E

2961 3INNF 9-G0€d SYA I0S JIWVEID NVIIN¥IWV 30 IUYNINoP

3 930 0 0L 002- LV STIVIY3LVW 40 NOISNVAX3 TVWY3HL

W d¥ng VIS3INOVKW

2961 3INNF 9-60Ed S%A 30S JIWVYID NVIIN3IWV 40 TYNINOP

3 93C 0 0f 002Z- L1V SIVIYILVW 40 NOISNVAX3 TVWY3HL

W Xung VNIWNIV

2961 INNC Lc-€524 GHA 30S JIWVHII NVII¥3IWVY 30 TVNINOT

VIYOHL 40 AGNLS ONIY3IINIS OGNV NOILVNIDJTIVD
IV 13 A NINSVE A VAVYVH VIdOHL

s1t8l

711871

et1gl

citgt

11181

o1tg1

60181

801981

L0187

90181

189



2961 QO¢ 130 i62-2¢ 1y0d3¥ HI3L df

3 930 0022 086 S3ICIXO JIWVY3I 40 ¥IV NI NOISNVEX3 TVWI3IHL

S 1

H W di0dI37T H &t NOSI3IN VNIRRTV
IG6T TI¥dV 02 T3INJIN TYNOILIVNYIINI
SNOIEVIITddV TVIILI¥] ¥Od SIVIE3IIvKW JIADVAWIE
03 I3UJIN TVNOILVNYIINI SACTIX dW31 HOIH

€961 NVIF 10Z2-£9 ¥1i 4SSV

I33HS 261€3 WNIGWNTOD 3I2NA0YUd 01 SACHLIIW 40 IN3IW4OTIA3C NO 1d3¥ VNI

&V
VISINOVW GNV VYNIWNTV

K4
VISINIVR OGNV UYNIWNTV

W ¥ITASSAHJS S r AIIM34 €683 WNRIGWNTI0D

€961 130 60G6d 9H%A 20S JIWVI3ID NVII¥3WV 40 TVNINOP
VNIRWNTVY 3QIX0 ¥3dd03 WILSAS IHL
Q@ 3 V ¥3GVINVHD ¥ S ViSIW VNIRWATV

€961 £330 96-t6%d 9%A D30S JIWVY.L. NVII¥IWV JO IVNINOP
¥04 SIUNLINYLSOUIIW ONV SWSINVHIIW ONIY¥IINIS 3UNSIIY
W ¥ S991ddS 1t SOTISVA VIS3INOVK

€961 LJ0 96-€6%d %A 20S IJIWVYIT NVIIY3IWV 30 TYNuaor
Y04 STUNLINYISOUIIW ANV SWSINVHIIW ONINILINIS 38NSSd
W ¥ SJ9I¥dS L SOTISVA VNIWATVY

€961 AL ¥&-€6€d 9%A 30S JIRWVUIT NVITY3IWV dJ0 TvNunor
3AIXN0 WANIWNTVY 3INITIVISAYIATOL 40 433¥D
IV 13 T ¥ 371803 UNIWOTV

2961 330 966-26Sd SHA 30S JIWYYIT NVIIYIWV 40 TvN¥NOP
SONIGNOS TVE3IW O1 SSYTIO 30 STIVINIWVANNG
W ¥ HIVYITINS V £ SVd SIv3s

€961 TIUdV %-08Td %A J30S DJIWVYIT NVII¥IWVY JO WwNuNOr
JAIX0 WAITTIAYIG 3NITIVLISAUIATOL 40 d33¥J FAISSIYCHOD
T M 3UOWUVE ¥ ¥ LUOODAUIANVA YITTAY3S

€961 934 08-LLd 9%A J30S JIWVE3ID NVIIU3WV 40 TvN¥nor
VNIWNTVY G3SSIUd-10H 40 ALISN3C INIOd ON3
H 3 SWH3Z Q F GNVYTI3710 2K UNIWATV

sZ1d1

»2181

€219

22181

121871

oZtai

61181

g81tg1

21197

gtign

1iNnn



K4 0 €961 82 934 9698628V VILSY
SACTIY AYOLOVYA3Y J0 ONIZVEE JIWY3HIOXI 40 NOIIVIILIS3ANI
IV 13 G ¥ SNINNVE Vv ¥ ONOT N3I1SONNL

K4 o €961 82 834 96986<2GV VILSV
SACTIV A¥OLIVYS3Y 40 ONIZVYE JIWY3IHIOXI 40 NOILIVIOILIS3ANI
IV 13 G ¥ ONINNVE V ¥ ONOT WANITSATIONW

K4 €961 21 3INNF 691 OW3W JIWV ILALTISNT TVI¥OW3IW 3T131lve
SAGTIV 3SVE WNISWNTIOZ TVIOYIWWOD 33¥HE 406 SIIANLS ALITIGVGTIIM
3 ¥ 30YNOW V d YIWWV WAISKAT0D

9 % 21 €961 1€ INV 2%66€(009)cedV (XI} %8L-1 0OY¥d GSV
133HS ADTIV WNISWNTOD Y03 SOAOHI3IW 4NNVW WNAWIL40 40 IN3W4O0TI3A3C
00 CGNV ¥NOW3N 30 INOdAQ I 3 7T V Y¥3HIIW €e%-0 WNISWNI3D

0 €961 3NNF 2T168(Ls9)eedV III 3ISVHd 186-L 90¥d SQV
WYY90dd IN3WdOTIIA3ICQ ONITIOY TI0H AQTIV ANOLIOVEdIY
f GNOWAS WNIVINVL

0 €96T 3NNF 2168(169)eedV I1II 3SVHd L86-1 S0¥d SCQV
WV Y90Ud IN3IW4OTIIA3GQ ONITI0Y TI0S AOQTIV ABOLIVIIIY
£ GNOWAS wWNIgWNI0J

1 1961 330 €294 ¥H»A 30S JIWVY3II NVIIY¥IWV J0 TYNIAOC
STIW JIWVY3D 3INITIVISAYUIATIOL 40 SAINAOW JILSVII NO 133443 ¥O03 NOISS3UdX3
W ¥ SOO1¥dS VNIRATY

L9 10 1961 230 16-26Gd ¥HA 30S JIWVYI3 NVIIYIWV 40 TUYN¥NOr
J1IHAVY9 DILAT0YAd 30 S3ILY340Ud
TS WNI8  SIddvd 311HJVYY

Q9 2961 0¢ 130 l62-2¢ 1¥0d43Y¥ HI3L Wdf
J 930 0022 06 S3CAIX0 JIWVY3ZD 30 IV NI NOISNVAX3 TVRWYIHL
H W gI0dI3T H 1 NOST3IIN VI3V

9 2961 0¢ 130 162-2¢ 1¥0d3¥ HI3IL 4P
3 930 0022 01 S3CIX0 JIWVY33 40 ¥IV NI NOISNVdX3 TVWIIHLE
H W QI0dI37T H L NOSTIZIN VIS3NOVW

seigl

€187

ee1dg

2eigt

1€181

oE18

621491

92183



58

I

K4 €961 AVW SWVT NOILVIINAWWOI IEVAIND
SYILYIANOD JINOIWYIHLI ¥VITONN ¥03 SIVISILIVW JIWVH3D
3 ¥ N¥YMO3 4 S CY¥VCEQAOLS Sv3S

o LSBT 9NV €12-692d (8) O¥A AL3II30S JIWVY3ID NVIIYIWV JO TYNNEGOD
ALITIGVLII3M 40 3ION3CON3d30 3¥NSS3IUd ANV dW3L INIONOY TVvi3IW OL SSVIO
V I dSVd d S 230LIKW W ¥ HivVY¥IAd4 SIv3s

T 1961 3INAP 1i2-992d YYA ALIID0S DJIWVIIT NVIIU3IKY 40 IVNINOF
JONIYIHAV VIS TVLIIW OL JIWVYEID 40 WSINVHIIW NOILVUOIW SSVID
9 ¥3WWOS S S 3702 N

1 €961 T€9 NIL3TINEG TVIINHIIL d¥0D YAVT NVII¥3IRNV
SOIWVEID SVWISIV 340 SIT1¥340¥d TWIIYid3T13 OGNV TVIINVHIIW
33V1S d¥0J VAV NVIIY3WV YNIANIY

1 €961 2T NILITING TVIINHIZL J¥0D VAV NVIIY3IWV
SOIWVYID G3IZITTVIIW OVKHISTV
d¥03 VAYT NVIIY3IWV J4VIS SIv3S

Y €961 62 YUVW 9268(Lc9)leedV]) 61€L620V-200
AOQNLIS NOILVATIVAZ OGNV INIWAOT3IA3C dW3Ll HOIH S3AISIHAV JIWVEID
3 H ¥3INYNL 3 £ Y¥Y3INJJO0HS S O r1ivid S3AIS3HAV 2IWVY3D

v 1 €961 ST ¥dV 62920%QV-300 8¢00T{269}1cedV LJVHINOD QSY
SYILUIANGD DINOIWYIHI 3I¥NLIVY34WIL HIIH ¥04 STTv3S TWI3W 0L JIWVH3D
f N JMNVEG3Y d4¥03 XIAN3I8 40 T W INIYUC SIvas

N4 €961 ST NVI G6S1H620GV-200 8£001(Lc9}icecdV LIVYINOD QSV
SYILYIANOD DINDIWUIHLI JUNLVYI4W3L HOIH ¥Od STIVIS T i3W OL JIWVYEID
NOISIAIQ MNVEA3Y d¥33 XIGN3g 40 7 W ONI¥C sIvan

0 2961 AVW $90282QV VILISYV

SIUNLIINYLS JLISOEWOD + STIVEIW Y03 SIAISIHAV dW3IL HITH DJINVOUONI NO HIUVISIY

d M SNIGSE0OY 3 O NOLSNHOFP SIAISIHAV JIWVYID

N4 0 €961 82 834 9698620V VILISY
SACTIV A¥0LIVYd3Y 40 ONIZVYE JIWH3IHIOX3I 40 NOILVOILSIANI
TV 13 0 ¥ ONINNVE VvV ¥ I9NOT WAISWNT0D

stig

%187

eHIg

cH18t

%191

o%t8

ec181

8etal

Le1g7

9cial

192



1
GOH13W

1

QOH13W

SIVIIW

STIVIIW

SIVLidW

SIV1i3W

SIVLIIW

68

aindi1i

aIndin

aIndin

amd

gindin

NI

NI

NI

NI

NI

%961 *Z2 I1¥dV 03 NIVI3IOWO0d Su000
JINGCS G3AO0YdWI NV A9 3 00Z1 0§ 0638 OGNV €027V 30 IINAOW 311Svi3

3 T vYI3dY3d OGNV ¢

G SUY9IMe VITA¥3g

%961 %22 TI¥dv 02 NIVIIZV0d SOOI
JINOS (G3A0¥dIWI NV AG 3 0021 0L

37 VEIIWYE3L GNY a4

SI3WY¥3ID ANV SOIWVY3D

S13W¥YIT ANV SITRWVY3ID

S13WY3ID ONV SIIWVU3D

SI3WY33 OGNV SIIWVYID

SL3IWYID GNV STIWVY3D

038 GNV €GZ7v 40 ITNgoW 2I1svi3
a S99ivye VNIRNTW

0961 3INNF TEeE€Z INYO
SNOIY¥VA d0 3IONVLISISIY NOISOWIGD
H M MNCO2 VINOHL

0961 3INAT 16€Z INYO
SAQIY¥YVA 30 33NVEISIS3IY NOISOYWOd
H % 003 S3I1CG08 HLI¥VI J¥VY

0961 3INAT 16€Z TINVUO
SACIYVA 40 JIONVISIS3IY NOISO¥Y0D
H M %003 VITlAY3g

0961 3INNFr 1s6cZ TINYO
SAOIYVA 4O 3ONVISEISIY NOISO¥E0ID
H M 003 VNIRNOIV

0961 3INAF T6EZ INYO
SNOIY¥YVA 43 JIONVISISIY NOISOWNOI
H ® 080 STIViIIW 1TV

€961 61 9NV IT6Z SWVT AMOLVY0E8VT DIdIiIN3I3S SOWVIV SO

S O SUNVH T 3

NOILVY3IdO 3UNIVYIAWN3LE HOIH ¥0d4 SIV3S TTVIIW O1 JIWVi3d

3o IgrnYeg SIV¥3S

€961 1 3INAF 01e80%aV VILISY

SAQTIV WNISWNTOJ3 G3LV0I d0<4 AGNLS NOIS3a

34VLIS 30CIYQT00M OWVY NOSJWOHLE WRIGWNTOD

€961 AVW SWVT NOILVIINNWNGD 31IVAIYd
SYILYIANDCD DJINCIWYIHE ¥UY3IONN ¥0d STIVIUILVW DIWVUIOD

3 Y NVMB3 4 S

ayvaaols YNIWNIV

SeTg™

9181

gsig

2sig

Is181

06181

65187

89181

L9181

95181



9 A1 %561 3INNE 162-€82dd (FhiHAa ALIIIO0S JIWVHID NVIIUIWV 40 ¥NOP
038 G3U3INIS JO ITNCOW JIESVII ANV NSISNVAXI HEONIYLS d33¥ID
vV 8 Y3TANVHI 3 ¥ TIIXAYS VITIAY3E

9 21 2961 AVW T A3Y 1A IYNHIOWS TVIINHIIL INVHD HVA
NOILVOITddV YVITONN TVENLINYLS O SAQTIV 3ISVE WNTIVAINVLI OGNV WNIGWNTOD
Hd4VES SNVH3 HVM SA0TIVY WAIGWNIO0D

1 €961 3INNF 1¥043IM TVIINHIIL SHNOW3IN 30 INGCINA I 3
SAQTIV 3ISVE WAISWNTIOD NOILVII4idadS 12NaoYd
J4ViS SI3NA0Y¥d TYLI3W 03 SYNOW3N 30 INOANG I 3 SACTIV WNISWNTI0D

LS (Al €961 HIYYW VIVQ TVIINHIIL OWW 3ISNOHONILS3IM
ACTTIV 3SvE WNRIVINVI TT11-L
4dVES NOLISIAIQ ONIYALIVANNVW STVIYILVW ISNOHONILSIM TTi~-§ WATVINVE

N4 €961 NVF SHZ-S3Tdd (T)2HA TWNENGCL ONIGI3IM
WRINOIYIZ T WAISWNT0D 40 ISNIGTI3IM
W O ¥3LHONVIS V 3 v i13d¥3d4-0ONVHd ¥4Z 1T WNISWNTI0D

V4 €961 230 (2T12%A TVAYNOF ONIGTIIM
WNISWNTI0D SNIZVY8 Y04 SACTTIV 30 IN3W4O0TIA3A
W O ¥3LHONVTIS 9 ¥ GNVIITTI9 M D XOod SACTIV INIZVHY

B €961 23332 (Z2T1ZHA TYNYNOF SNIGTI3IM
WAISWNTI0D ONIZVYG ¥04 SAOTIV 40 INIWAOI3A3C
W O ¥3LHONVIS O ¥ ONVIITTI9 M 3 SOd SADTIV WNISWNTO3

Y €961 NVF T0I6E€l NSVLI #8%2(919)ec LIVIINOD 88-£9 ¥AL A4SV
ONIONGG NOISNA4IQ ANV ONIZVYS AQ STIVEIIW A¥OLIIV43IY 40 SNINIOP
S K 9NAQA S 3 S3INOP NILSONNL

K4 €961 NVI TOTIGEL YSVEI #8H2(9T9)ce 1IVYLNOD ¥3IANN 88-€9 uAL ASY
ONIAONDE NOISNI4IA ONV ONIZVYHG AQ SIVLI3IW AMOLOVA3Y 40 ONINIOP
S M IONNOA S 3 S3INOC 8%—~d4 WAIGWNI0D

€961 NVF TOTGEL NSVL H$8HL(9T91€C LIVHINGD ¥3IANM 88-€9 WAL ALV
ONIONOS NOISN4AIQ ANV ONIZVYE A€ STIVI3IW A¥OLIOV43IY 40 SNINIOP
S M 9NNBA S 2 S3aNor ¥Z 1T WNE9WNT0D

63181

Y9187

g€et81

29tg1

19181

09181

69137

ga1g1

isign

9¢71871



L9

L9

19

9

L9

2t

A

I

1661 330 -8-%icd CION HcA 28S ¥3D ¥IWV 20 TYNENOF
S3ITY0LIVEZIIY 3QIXO 3¥Nd 3ISN3IQ 40 S3T1L¥3d0¥d MOTd ONY 311SVvi3
4  INITAM VIUOHL

9561 AON 6€A 30S JIWVYHID NVIIY3IWY 30 TYNENOr
VNIKNTIV G3I¥3LINIS 40 S3ITLYId0Ud TVIISAHA NO ALISO¥Od 40 1233443
G M AYIONIN 7T ¥ 37809 UYNEWNTV

STE-0 3UNHI0YE WNANILVI4 GNV Q09 NUILIS3IM
SOIWVE3] VNIWNTY
44V1iS 09S3IM VNIWOTV

%961 9NV A3Y TOOO0 L133HS ViIVQ SYHODD

SJIWVY3I3 S¥00J
44ViS 03 NIVI30¥0d S¥002 VITIAY39

961 9NV A3Y 1000 1i33HS VivG SOOI
S3IWV¥3] S¥H00D
34VLIS 02 NiIVi3oUod S¥U00D VNIWNTVY

d0H=V NILITING 00 3YVYM3INOLS S A AIQ 3LIW
YNIWNTV HOIH 3117V
44V1iS JLTTV YNIRNTV

%961 ATNE L2e-€2€{l)lH%A J30S JIWVYID NVIIYIWV 40 TIVYNYNOP

3ZIS NIVEO ONV dW3l 40 NOILINNd ¥ SV €027Y 3ISNIA IdNd JC °dO¥d TVIINVHIIW

1L SOTUISVA 1 © TI3HILIW W ¥ S99Id¥dS YNINRIV

T96T SYIHSITENd IONIITSUIINI
STIWVYID ONIUIINIONI 40 S3ITL¥3I40Ud IVIINVHIIW
III H ¥NOWTIVd M M TI39314UM VISINOVH

1961 SY3IHSINENd IINIFIJSUIINE
STIWVAII ONTUW3INIONT 40 S3T1d3d0¥d TYIINVHOINW
IIT H ¥NCWIVd M M T3331IUM YIT11A438

1961 SHIHSITENd IINIIJSYILINI
STIWVU3IT ONIUIINIONT 40 SIILY¥I40¥d TVIINVHIINW
III H ¥YNOWIVd M M 139314¥Y UNIWOTY

9L181

Y2181

€elig

ZLIgT

14187

04187

69181

89181

249187

99181



21

$961°9334 SEVT YVITIONNOULISY ISNOHINILS3IM viva QIHSITAINN
ACTIV TTT-1 WNIVINVE 30 NOISNVEX3 TVWY3HL GNV SATNCGOW DJI1SVi3
34VIS TINV 3ISNOHONILS3IM TTT-1 ADTIV WNIVEINVE

$961T %02 °9NV JLALIISNI 3713LLVE S0Z 1¥0d43¥ JING

SIVIIW AYDEIVEI3Y NO SINIWNOWIAN3 9NILS3ILI GNY SNILVIYEL IV3H 40 123443

A

°d°H ¢N3IASG ¢°r>a SHIMIAVW ¢°d4°d S1AIWHIS SACTIV RNIVINVL

$96T ¢02°9nV JILNLITISNI ITI3L1IVE 602 1A0d3¥ DINWG

SIVI3W AYOLOVYI3IY¥ NO SINIWNCHIANT ONILS3E GNV INILV3¥L IVIH 40 133443

Bell

hell

21

1S3l

*¥°H SN3G90 °°r°Q SHINMMAVW S°4°4 SLIQIWHIS SACTIV WAISWAIO0D

H96T HO¥VW C%=-He d {€}22 °A SOINOITIONN
3I3AD ININNVYE JHL 30 3¥nind 3HL
°7 °H *SIAVQ SACTIV WNISWNTIDD

€961 %82 INNF IUAHIOHUS INGH NG
SAQTIV 3SVE WNISWNTOD SSNOILVIIZII3d4S LINA0YHd
44VLEiS INOdNA SAGTIV WNISKHATOD

$96T°UVW 6828(2691€€3V LIVYINGD ¥3ANN L= °1d3¥ WIYIINI ¥VIOS
STIVI3W AYOLOVY43¥ 30 ONIGNOS NOISNdd$id
TV L3 4°3°V S34VIL3NW ADTIV WNIGWATOD

H96T UVW 6828{L691€EdV LIVHINOD ¥IANA L= °1d3¥ WIYIINI ¥VIOS
STIVLIW A¥OLIVY43Y JO SNIANSE NOISAddid
IV L3 ¢°3°V 434TVIL3W ADTTIV WATVINYL

%961 100 GOTI8EL MSVE 92¢8{1S9)eedV I3VYINDD 2014-€9 ¥0i GSV
MODSONYH NOILDJ3TI3S TIVIUILIVW V SJOIWVY3ID A¥OLOVI3Y
v 13 H M HI¥OMMONG S3CIXC JIWVY3d

G31Va LON 3¥NHICYWS NVY3IEIW INIGaAVIO
SOIWVE33 TYIINHOIL
44V1iS NV3IE3IW INIQavio VNIWATY

%261 AVW 022-8124{S1HA SOUVANVLIS QNV HOY¥VIS3IY SIVIHILVW
NOISSIUAWDD TYYLIIWVIQ IHL A9 SOIWVYID 3ISN3CG 40 SHIONIWLES ITISNIL
1 SOTISVA VvV T 113SSI¥E W ¥ SO9I¥dS VNIWNTV

g814a1l

s8181

»8181

€818

28191

18181

081871

621871

8L191

22187



6§ 1961 934 1€-212 & 69 G Ni VSVN
HOYV3IS3Y¥ NOISOUNOD IVi3W aIndIT

£ AT SIVI3IW IVHTIV
8 0961 HOYVW S-8-221 6€ (AN} TYNYNOF INIQI3IM
SADTTV ONIZVY8 INVISISZY WNRIAOS aINdIT GNV NOILVCOIXO 40 INIWHOTIA3A
H LYVSZLYVMHIS G OJINONVI SACTIV ONIZVYE
K 8661 8%9-iGULJAVM JV SO0HEe-{009)tcdV IJVUINOD JYV Id3¥ TYNIL
SASTIV ONIZV¥E INVISIS3Y WNIGOS QINOIT GNV NOIIVAIXO 40 INIWdOIIA3C
H 1¥VEZL1YVMHIS v G OJ2INONVD SACTIV ONIZvyg
K4 €96T°T2 AYH S-%H%Z d 9%A J0S JIWVYIT Y¥3IWV 30 ¥n0f
W8%2c¢ 40 SS3IIXI NI 3TGVLIS ONICGNOS TVIIW JIRVYE3D
3 V S¥3IANG STv3s
L9 1 31va ON d¥0J VITTIAYI8 1¥NOILVYN 133HS Viva HIO31L
XG1439
d¥03 VITIAY3E TVNOILVN J3ViS VITIAY3G
L9 21 2961 Z ¥dV Vd ONIGVIY d¥0I WNl 1TA¥IE i33HS VIVG HI31
V-0%1e= NIL3TING VIVG TWIINH33IL 3JIX0 WNITIAY3E
dd0d WNITIAY¥3EG J4VIS VITiAY3g
L €961 2T AON ¢ ON 1d3¥ AUVWWNS IINLITISNI HIOYVIS3Y LIl
SIANLVIIdWIL HOIH AY¥3IA ¥O3 SUOLVIASNI TVII¥iId3N3
4 ¥ TI3AVH VIFIAY3E
i9 2t $9-LT-=2 M 1V 443N 0L HSNYE 40 NMOYE ¥ NOILVIINNWWOD
VITTIAYIE ALId¥Nd HOIH 20 S3IL¥3d40¥d
83 WAITTAY3E HSNYE vITiAYM3g
8l9 v 1 €961 3INAT IYNHIOYUSG
SOTWVY3D TVIINHI3L NI SIN3W3IONVAQY
¥ ¥ NOSIHLIVW VNIRNTV
ecl €961 TI¥aV 1@ 1¥Vd 829-19 d¥i 4GSV
STIVIY3ILVW JIWVY3IZ 40 ¥OIAVHIE 37111d8 3IHL 40 S3IaANiLS
W N HOId¥vd UYNIRATV

€029

20291

1029

€618

26181

16181

06191

68187

L8191



68

68

1413

€961 AON 6-L6d 8SA OYUSNI NOIS30 NI STVINILYW
STAVIIW GINDIT A9 NOISOUY03 INIEINIAIYL
J WISHTIVM STIVIIN IVNTV

B €961 AON 91-GLi2T d %¢ YLISNI IJ3S A3Y

SOIWVY3ZD INIGNOY NOISN3 ¥03 3NDINAJ3L
3 Zovev 2 d NI3T9vis UNIROTV

8y 2961 (O0)TIHEC—YNON LOVYINDD 9-C1223¥V 1d3Y AYVWHAS

SYOLU3IANDD JINOIWU3HE NI SW3IT180Ud ¥OIVINSNI OGNV v3S
M g NGSNIAz21 UYNIWATV

2961 98~69 4 {1 1d) 9292 GIl 4¥0D3 J21¥133713 TVI3IN3O
SNOILVOTLISIANI Wi3Ww aINdi
M £ TIRKRIS STIVEIW IIVITV

€961 130 88%-%8%d 9HA 30S DJIWVYID ¥IWV F
VITIAY¥3E OG3UIINIS 20 A4OISOYIIW NOU¥1IDI3
J 3 NvY VETIAY3S

1961 934 224-69 4 6924 O N1 VSVN
WY ¥90¥« HOUVISIY TVIIW CINDIT
T WNTIIN3SOY STIViIIW ITVHTV

0961 29-661 G/9 ON 9 OJI9Y¥3INI VNU3AVF O3 IVISNVEL G99-dl-dN
STIVIIW QINDIT Ag STIVIYILVW TYUINLINYLIS INICOYY0I 30 SW3IT80¥d
v MVIOAQ STIVIIW IIVNIV

Y 296T 99Gdde9 33 1d3¥ TUNId AIQ L1IVYIIIVCAS DI¥LI3FT3 N3O
SNOILVSILSIANI ONISNITNGD ANV SNITIOS STIVIIW ITVITV
H M SNY3M ¥ M INACA M £ T3IWW3S VNIWNTV

1 2961%¢Z NVP €6%~GSUYN H€€ZT~dN 1d3¥ TVNIJ NOIIVIAV ¥3WV HLI¥ON
WNISSV1IOd 3dNLVYIdWIL HOIH HIIM STWIY3LIVW 30 ALITISILIVAWOD
W L NVYWELIT A G GONOWWVH WNISTSY1iDd

9661492 UVW TSZ-WIL AIQ LBJ4VYIUIV AINIIHM QGNV 1ivVid
NOILISOdWOD GNV STIVEIW QINDIT NI SIVIYU3LVW 40 ALITIGIIVAWO3 (89221-0G11)
d H ¥3d331 UNIRATV

€128

rA YA

11291

01281

60281

80281

210297

90281

50281

»02971

198



0661 AV 2991 1d43¥ Vd3IN TI1-£91-¢d
WNIHLIT NI QG31S3% STVIY3LVW

4 H NVHd3LS 3 ¥ NOSY3ANV

UNIWNNIY

0661 9NV 26971 1d3¥ Vd43IN TII-€91-6d
WNIHLIT NI G31S3t STIVIYILUNW
4 H NVHJ3LES 3 ¥ NOSYU3IANY S3CIX0 HI¥WV3 3Y¥yvy

0c6l 9NV 2691 1d3¥ VdIN TTIT1-€91-9d
WOIHLIT NI 03i1S3i SIVISILIVW

¥ H NVHd3ILS 3 ¥ NOSH3ahv

WATHLIT

2961TI3CL6EST-CON VSYN & 1d3¥ dVND ZINLILISNI IVI¥OW3IW 3T1311iVe
WNISSV1I0d 40 S3IILY3d0Ud ONIUIINIONI

4 M vV NOWW3T

€261 9 € 2 ON T M3IA3Y

WNISSV1iOod
AJ¥3N3 JIWOLV

J 930 0001 01 00¢ 1V STI3Nd IVIIW-GINSIT 40 INIWNIVEINDD 3HL

8 ¥IWVHL

2961 €¢ NVF €S%-GSVN INOD id3¥ 904d
WNISSYLOd I¥NLIVYEIdW3IL HOIH HEIM STIVIY¥ILIVW 40
W E NVWLIEIT A G ONOWWVH

166T SATNAL 60T-Tc-M INOJ Z-WUT-W-TdVY VT Y3IMOJ
STVIUILVW JIWVH3] 40 S1S3IE NOISOWNOd
¥ T IHI9IIWIINW

T66T 9ATNC 60T-TE-MINOD Z-WET-W-T1dVX GV ¥3IMOd
STIVIY3LIVW DJIWVYE3I 30 SES31 NOISOYWY0d
4 7 LHOII¥IINW

SIVIIW 1INV

TUNId €e2T1-dN
ALITIGIEIVANWOD
WRISSV1iO0d

SIKOLV STTIONM
WNIA0S Jttvis
SJIWVAID

JIWOLV STIONM
WNIGOS JIivis
VNIRATY

2961 Z-06d ZA VMIT3IOYU3IN3IO0IdIL
SIViI3W TINDIT HLIIM STIVIVILVW NOILONYLISNOD 40 NOILOV3Y

I A NILIMIN

SIVIIW ITVNTV

€961 ve-ecd d 1 Ld 929L-QAL SVT TVNOILIVN NIAVHICDOUE
SWILSAS WNIAOS ANV AY¥NI3W NI S3IANLS NOISOHU0D GINDIT UOJVA

IV 13 V ONVWOY V NVKLIIIS

WNIQos

I XAA ]

22287

12281

02281

61281

81281

Lizan

91281

YA

1281



8 2961 230 »T22(1-0€)1lV IJVHINOI 1d3¥ TVANNY
STIVLIIW WNIYLIA SHIWVI 3¥VY SOILSIY3LIIVIVHI NOISOYNOI GNV TVIIW3HIOU1IO33
44VES ISNE JINHIJ3EATOJd ¥3IVIISSONIY S3AIX0 Hi¥dvd Iyvy

68 1961 L-S% 4 69L-3~-Ni-VSVN
NCIEVIILISIANI IVIIW QINBIT
¥ M £ T3WW3S STVIIW ITVNTV

6 1961 834 »-€6 4 092-0-N1-VSVN
WYHOOUud HIWV3ISIY WNIS3IC-GINDI
T H SN3A3ILS WAIS3D

& 66T 61 AON TLTT OW3W-S-VYK NOILVIAV NVIIY3WV HIYON
SN3WIJ3dS NOILVTINSNI TVYWY3IHL NO WNIGOS N3LT0W J0 153443
W NVINIdYVL STIVIY3ILVN JIKVYE3D

6 66T 6T AON TLZTIT OW3IW-S—VVN NOILVIAV NVIIYZWY HI¥ON
SNIWIJI3dS NOILVINSNI TVWY3IHE NO WNIGGS NILI0OW 20 133433
W NVINIJYWVE STIVEIW ITTVNTV

8 €961 2698(LG691€e4V 1434 TUNIJ ESNI HOUV3IS3IY 1SIMHINGS
SWILSAS WNIHiIIT CGINGIT OGNV WAIGISNY GINDIT NO S133333 NOILVNIWVINGD
v 13 % ¥ NOLICSWHOr 4 M QYOJ¥3IHIVvIM WOIHELT

1 €961 &1 ATAL 0cHZ-TWIM GV NOILIVIAVY IONIUMV
038 40 SOIISIYUIIJVYVHI 3YNIIVYE] SS3YLIS TVWIIHL
4 3 ANETI W M ST13M VITiAY3E

8 2961 6-821d T 1d 9294-G11 8V TUYNOILVN 330I¥ WVO
WNISSVLIOd NI N39AX0O 40 NOILVNIWY313G
3 F 31IHM WAISSVLOd

6 0561 9NV 2691 1d3¥ ¥Yd43IN Ti1-€91-8d
WAIHLIIT NI C31S3L STIVIN3LIVK
¥ H NVHJILS J ¥ NOSY3ICGNV _ WATVINVE

6 0s6T 9NV 2691 1d3¥ VdIN T17-£91-9d
WATHLIT NI £31S3L STIVINILIVW
¥ H MYHAILS 2 ¥ NOSYU3IANV WAIGKWNTOD

€ecat

[AXA N

1€291

0e28

62281

8224a1

£2281

92281

62281

%2281



2961 ATNr 95-s¢ dd 229.-GlIl
STiW SNINNVD IN3W3TI T3N3 NO 1233343 EINVIO0D TVIIW CGINSIT V NI S3TLTUNGWI
3 V SSOY H V ¥ 1086d W A Y¥IVIINIS WAISWNT0D €%281

€961 22-02 AVW WNISOAWAS NOISCYY¥O0D 33V TVANNV HIZT
SWILISAS TTVIIW AYOLIJVYH4IY NIJAXO-WNISSVLEOQ NI SNINOILILINVd N3IJAXD
3 ¢ ONVA3LISIG d V NVWLIT SIVIIW ITMITIV  Z2HZ281

16T 9 ATHIF Z29-9NI-60T-T€~M LOVYINOD Z-WiETI-W-1dVM
STVINILVIW JIWVY3D 40 SIS3E NOISOYHOD WNIAOS JI11ViS
d T LHSIZIYIOW SIIWVYE3IT 1v281

GSE6T ST 3INAF ONI 3ITINVT SEVT HLE3HIIND T€i-N1E(D)EaY
WNIHLET 4O NOILIVOIXO 3HL
8 4 NOGONOT O MOVZAL WAIHLIIT 0O%28

6661 130 8-l¢6 d 0t SINIWNYISNI JIJIIN3IOS 40 M3IA3Y
SATY¥LI3T3IIC 3WOS HLIIM SVO WNIS3ID 30 ALINIGIIVAWOD FYNIVYILIWIL HOIH
S TI3YY03 d YINOVM SIVI¥ILVH JI¥EI3ITIIA  6€2871

9661 12%e-19¢€ d (L3}ZT NOISOYYOD
NOISOU¥0D TVI3W GINBIT 30 STIVINIWVANNI
G M ATINVNW STIVi3IW ITVNTIV  8€Z8n

€961 AON 6€-9¢ 4 1T SIINOIIINN
diW3l HOIH LV SLVS a3Snd STIVI3IW GINOIT ¥0d4 SIS3IL NOISOWN0D
TV 13 3 3 NVWSS0H 3 @ GNVIIIYA STIVIIW ITTVNIV  L€287

€961 L1SNANV 8H-cHy d G IANMITIVIIW °3°SZ
NIOAXO-WNIGOIN W3ILSAS NI SNOIIVOIIS3IANG
¥ YIHIVAN3IHIOW 3 QuUvHE39 WNIGWNT0D 9¢281

1961 1SNONV $-294 T ON TA IJINIIOS NOISO¥NOD
STVLIIW ANV L7IVS NILT0OW AG MIVILIV O SIVIUILIVW SOAOIYVVA 40 ALIAILSIS3IY
v N3IANAT STIVIIW ITVIHIV Ge28

1961 3INAM €% d T-TYTZ2-VON d¥03 A3T ¥VITIINN
WRIHEIT NI STVI3IW 40 ALITIGNTIOS ANV NOIELNTIOSSIA NO 1d3¥ SS3¥90¥d
H ZLI3WNI3LIS G NIMHSANIW ROIHLIIT H€291



K4 €961 6T1-LT ¥dV ONIL3IIW AL3IVD0S ¥VITIONN NVIIY3WV L1V GIINISIUd
STIVIY3LIVW JI10X3 30 SNINIOPE

W S ¥3iHONVS VNIRATVY €5291
v €961 6T=LT ¥dV ONIL33W AL13I30S UVITINN NVIIYIWY 1V Q3 IN3S3IUd
SIVIYILVW JI10X3 30 ONINIOT

W O ¥3IL1HONVTS WNIGWAT0Y 252871
VANt %961 NVF O0c O NOILVIASNI
VITIAN3E ALT¥Nd HOIH 40 ALIAILONANGD TVWYIHLI GNV HI3L INIZITIVIIW

£ ¥ NMO¥8 S S 3100 SW3IS 16281
N4 %961 NVP 0¢ ST NOILvIASNI
VITIAY3E ALI¥NG HSIH 20 ALTIAILINANGD TVWY3HL OGNV HI3L ONIZY 1ivVidw

F ¥ NMO¥W8 S S 3703 VITIAY3I8 08287

2961 96-2¢ 4 T T3A3IC NIIS3A SS3IJ0¥4 WIHI OSN3 ONI
Ail¥Nd HOIH 40 3J0IX0 WNI¥ilA
IV 13 @ ¥ N3ISNVH ¥ 0 ¥3HSVY VI¥LILA 6%281

2961 96-26 4 1T T13A30C NIIS3Q SS330Yd W3HI IN3 ONI
ALT¥Nd HIIH 40 3CAIX0 WAIYLLA
IV 13 0 ¥ N3ISNVH d 0 ¥3HSY S30IX0 Hi¥vV3 3I3Yyvy 8%2a

€661 € 330 2T1-21-06-43 NAD
40061 IV WNIACS NI 3CIX0 WAITTIAYIE 40 NOISOUA0D AG3IONANI NDILIVIGVY
M M NOSNIMYVYd 3 M 39VANNYG VITTAY3S 19281

0961 TIYdV (T1218-09N1L ¥SOd4dV) G298Lc2aV
dW3i G31VA3IT3 1V S3IIYOLOVU43Y G3LI3T3S ANV 3JLIHJVYI JILAT0YAL *S3ISSVIO
W LVNWI VITIAN3IE8 9HZ81

0961 I¥dV (TZ8-09NL ¥SO3IV) S2¥8LZ2QAV
dW3l G3IVA3TI3 LV S3ITYOLIVYE43Y GILDI T3S ANV ILIHAVYD JILATOUALSSISSVIO
W LUNWI UNIROTIV 65287

1661 €2 NVF 85-T-16-31 Ld3Y¥ d¥0D 3INVIJYIV OGNV INIINI QGTIHOYIVI
40002 0! dW3L 1V WNIGOS GINDIT NI STik JIWVYH3Z 40 ALITIGVIS NO OW3W HIO31
4 £ SNIT100 UYNIKATV  $H2an



68

68

68

0GET AVW 9280W3W ALIYOHLINY A9Y¥INI JIWOLV WOGONIM GSLINN
S3VVIUNS ACTIV WNISSVEICH WNIGOS NO SWTIId ICIXC NIHE 40 S3IE¥340¥d 3IWOS

M ¥ HLIWS QJ GNVTIY3HINS

6561 AON 2€0t-¥-3¥3V 8VLIS3

AN

HJY¥V3S3IY¥ ASY3INI JIWCLY

1INJ¥ID WNICGOS 4%+ 1-10H NI N39AXO 40 ONINOLINOW ¥0d4 QOHISW 1733 JINVATVY

K4

N4

M O AITSHUCH

8G6T TI¥d4V 291-191

SIIVINIV aINdIt

dd 6A SAHd 1ddV §F L1Iy¥8

SITdWVS CGINDIT NI ¥3HLI3IO0L IN3IS3IUd NIHM H2VUN ONINIWYILIA ¥0d4 GOHIIN V

d W JdNONS3

1961

STIVLIW ITVHTV

#Z-6T dd 691-0-N1-VSVN

S3IANLS G31VIIY GNY TVI3IW ITVXIV¥ 9NITTIog

3 3 NVWJH40H

Wwaissviod

1661 230 %-€¢2 dd TA AS0TONHI3L GNV IOINIIIS HVITIONN

NOILIVITILISIO A9 VN WOYd
T § IAVYEOUVIW 7T ¥3M3ud

0ZVN 40 IVAODW3Y 3HI NO
Wniaos

i €961 130 ONILI3W AL3I30S ONIGI3IM NVYIIYIWV
WATSWNTOD ONIZVHE ¥0d SACTIV 40 IN3IW40TI3IAZC

W S Y3LHONVIS 3T ¥ GNVYTIITTII9 M D XO3

SACTIY 9NIZvye

1961 1 1d3S €9T-CIT 4 €eA NOIS30 INIHIVW
30022 0L 331A¥Y3S ¥03 STIVINILIVW 3SVE-IN SACTIV ONIZVYE dW3L HOIH 9NE1D313S

T ¥ 3371Sv3d

$S61T 9Z2-ON3I-S0¥%2-M 1J3VYLINOD

SAQTIV ONIZVY8

VT TVNOILIVN 39GIY 3VO

SINIOPF SS 3iVIIyYgvd Of G3SN SAQTIV 9NIZvHg 3ISVE-IN NO SiS3E NOISONN0)D

3 3 NVW420H

SACTIV ONiZvyg

1 0961 1d¥ TVNI4 8¢c0e-0U0-G06-220-TTIVQ IDVYLINOD 2iI-Gi12 Juv

SNOILVIITddV dW3l HOIH d02 SNOI1ISOdWOD JIWVY3D
I F ¥3MSId W N HMIYVd

IVLI3W 40 NOTLIVOTILSIANI
SNOIEISOdWOD 13WU3D

€961 6T-.1 ¥4V ONIL33W AL3IIJ0S ¥VITIONN NVIIN3IWVY 1V O3 INISIUJ
SAVI¥3LVIW JI10X3 40 ININIOP

W O ¥3ILHINVIS

SACTIV ONIZVYE

€9281

29281

19281

09291

65281

252891

£5287

962481

§6281

$s281



8661 UVHW CTI-VYI/WV-09I ASY3INI DIWOLVY WOGSNIN G3ILINN
AQTIVY WNISSVLIOG WNIGOS OGNV IVEIW WNIAOS J0 SISATVNY
NONV SIVIIW ITVNTIV €4287

966T1°%s TIYUdV 9Z-9N3-G0¥i~-M LIVUINDOD 1€-9-96-43
GOHiI3IW NOILVITILISIA A9 MVN ONV WNIGOS NI N3I9AXO 40 NOILVNIWY¥313Q
3 J1IHM STVI3W ITVNTIV 222891

€961 1€ AVW 8 NI(T-TTILV INOD 9869 ¥S VVN
VN NI ZH 40 NOIi334130 SNONNIINGD ¥0d4 33IA30Q V
H THVYLS SIVEIIW IT7VNTIV 12287

6561 H5-15dd T€A W3IHD TVNV
QOHI3W NOIINTIQ 34d0I0SI AQ STIVEIW ITVNTY NI N3ISOUOAH 40 NOILVNIWY3L3Q
¢ 8 170H STIVIW ITVNHIV 04281

8661°0€ 230 2029982 IN3iVd S N
STIVi3W ITVITIV QINOCIT WOY¥Yd SITLIVNLWEI G3ATOSSIA 30 NOIIYNIWITS
TS SU3LIVM 4 3 Siinive STIVEIW ITVATIV 69287

2961 AON 29/29-0 INIWHSITISVLISI HOY¥VISIY SNOLVIM JIWOLY
WAIGOS NI NOGUVI 40 SINNOWY WVYYSO0¥IIW 40 NOILYNIWY313Q
£ NOIONIYY3H WNIGoSs 89281

T96T 330 ONII33IW NOISO¥UOD TVIIW QINDIT J3IV-YSVN
VN 40021 01 03S0dX3 STIW 40 S3I11¥34d0¥d WNIAOS NI NOSWVYD 30 NOILVNIWY3L3Q
4 ¥3dd3l M F ¥3TI3LSNVYW WNIgos 292871

LS6T140c 3INAT Z2S-INI-60T-1€-—-M LIVUINGD 2081-1dVMN
SIUNLVLIAW3L G3LVA3TI LV WNIAOS NI NOS¥VD 40 ALITIgNi0S
3 F NOLLIVS WNIQ0S 99281

6G61T %¥C d J0YV HINV ASY3INI IIWOLV WOGONIN G3LINN
AVN MY WNIAOS NI SIN3IW3IT3 30VYL 40 NOILVNIWY313G 3HL
IV 13 I 9 ME8T11340009 AV 69287

6661 %€ 4 30UV HINV ASUINI JIWOLY WOOONIM GILINN
AVN OGNV WRIAOS NI SINIK3T3 32vYL 40 NOILIVNIWN3130 3HL
I¢ 13 1 9 MORTI320009 WNIaos %9281



e

€961 ¥dV ZTI-SVN INOD G GN 1d3¥ SS3YI0UYd ATYILUYND 9TISTT-Z9N
STIVIIW ITVNTV QINDIT NI N3IOAXO ¥O0d SOOHISW iVIILATYNY NO HO¥V3ISI¥
O MNVHHGSIY H MNIHDLYIM STVEIW ITVANTV

2961 ST NVIF ¥ ON 1d3¥ 1¥VND CT-USVN YINOD %2221-29N VSVN
STIVI3W IT¥NIV JINOIT NI N3OAXO ¥0d4 SAOHIZW TVIILATYNY NO HOYVIS3Y
9 NNVWHIIIY H BIHOL1YIM SIVIZW ITIVNIV

I96T 130 ¢ ON 1d3Y¥ 1yvnld 2i-uSYN INOD 19601-VSVYN
SIVLI3IW ITVNTIV GINDIT NI N3SAXO ¥03 SAOHI3W TVIILATVNVY NO HOUVISIY
S NNVWHIIIY H MNIHJIYIM SIVIIKW IIVATY

1961 FI¥dV 1 ON 1d3Y¥ 1¥VNO ZT-YSVN INGD O0T-19-WGQ 6TI€T-29N VSV¥N
STVEIHW ITVNTIV QINGIT NI NIDAXND Y03 SACHEI3W TVIILATIYNY NG HOUVISIY
S NNVWHIIIY H MNIHILYIM STWI3IW ITIUNTV

6661 T1ddV 061681 dd TA JINDITINN
WAIGOS NI SNOILVYINIONOD N3JAXO MO1T 30 NOTIVNIWY¥3!3G 3IHL
9 NVWGI3M M SNHVFP WNIaos

6S61T 330 8-N30 T-TT1-1iV 13VYINOD B8E9¢—-YS-VVN
W31SAS WRIGOS 30¥YT V NI NOILVYINIINGOD N3IJAXO 40 OULINOD
g ¥ 3ZNIH RNIQos

1961 *€2 9NV 8¢€cT IFINLIISNI TWIYOW3IW 3713iivd
Wdd C1 MO39 SNOILIVYIN3INGD 1V WNIGOS NI NIOAXC 40 NOILVYNIWY313Q
IV 13 ¥ g ¥3S31¥9 WNRIaos

0961 Y¥VR 29¢-09¢ dd 2¢ A W3IHD VYNV
AYLIIWOI0HdOYI33dS G3YVYINI NI Tvi3IW WNIAOS NI NICAXC 40 S3aIvyl
£ H NIN¥83a WNEIAcs

2961 *ST NVF Z2€1S ¥S NOILIVIAV NVIIY3IWV HINON
WNICGOS NI N39uUMGAH ¥D4 33IA3CQ NOILOd313C0
V 3 SIAVQ WnIaos

6561 6TT~EIT dd 1 STIVI¥ILIVW ¥VIIONN ¢
SNOILIVIINIINO3 MOT 40 3SVD3 NI G3SN GOHLI3W 9H-VYN NI 20 30 NOILVNIWY313C
£ 071d4N0 ¥ SYYdVA T XI3dWVHI WNI1aos

£828%

28¢a1

182871

08281

54281

81281

22297

94281

6i281

%2287



1961 *0g€ 9NV (€0E2)T-0€ LIVIINDOIG-HGIZ-VON
WNIAOS NI SEININIWVINGD 40 NOILVNIWYE3II3Q TVINIWIYIAX3
g NINHSANIW H ZL13IWNI3LS WNiaos

196T T AVW €0€2{T-0€}LlV LIOVYINOD L1d3¥ SS3IYI0UdL L¥vND S-»G1Z-VON
WNIG0S NI SINVNIWVINGD 40 NOILYNIWY3ILI3Q TVINIWIEI4dXI
H Zi3WNI3LS WNIaos

1961 T VW €0€Z-(T-0€ilV 1IJVIINOD €-%GIZ~VONI
IVIIW WNIAOS NI N39AXO ¥0d4 QOHE3W TVIILATVNY ALIAILISN3S HOIH iNIW40T3A3dA
H ZI3WNI3iS RNIA0S

omOAQONKMZDﬂ 8-NIFT-TT—1V LOVYLINOD 60571-¥S-VVUN
GOHLI3W JCIWOYE TALNEG FHL AG YVN ANV VN NI 20 ONIIVNEWY313Q
W Y3T3AIHS T NVWIIATIS STIVAIW ITWHTV

6661 02¢%-G-SN NOILVIAVY V N dJO0 AIQ IV €i2€-dV39
FVL3IW WNIGOS 30 SISATIVNVY ¥0d SAOHLIIW G2 13371100
3 H INIY¥3d WAIAss

LS6TC0E TIUdV 9Z2-9NI-GOHL-M LIVUINGD SIT-L6-d3
YUN NI 30IX0 WNTAOS 40 NOILVNIWYILIQ ¥0d4 GOHLE3W NOILYIIILISIg
g ¥ Mvid STIVIIN IT¥NW

2961 Z-1%1 d (1id} 9291-011
WNIA0S NI N39AXO 40 NOILVNIWY3ILIA ¥0d4 SIVSOdOYd ONV SAOHI3W ONILISIX3
T NVWM3N STIVEIW ITVHTV

2961 Ls-18 dd €€A 3VIIYVIONAH I2S AVIV WIHD ViJvV
WNIA0S JITIVIIW NI N3I9AXO 30 S33vyi 40 NOILUNIWY313d
S ZJIMOSVM @ ZJ3IMIINVA ¢ INSM3IZONIW SIVISW ITVIIV

Ov=Cil dd (Ild) 9292-011 &¥0D JI¥1d373 TVYINIS
IVEIW ITYHTV NI N3IOAXO 40 SISATVNV 3HL NI SINIWAOTIAIQA
TV L3 H MIHONYIMN STIVIIWN ITVNTV

296T 100 Z2T1-¥S-VN INOD L ON i1d3¥ ATIILYVND 6%S0T--€3N VSVUN
SIVIIW IVNAV AINDIT NI NIOAX0 d0d SAOHLIIW TVITLATVNVY NO HOUVIS3Y
9 NNVWHIITY W MIHOLYIMN SIVLIW IVATY

€£62871

2624a1

16281

06287

68287

882871

482871

98281

$82871

¥8281

206



8 1961 ¢2Z 9nv 216°¢l8 IN3LIVd HSIIIYE
TVI3IW GINDIT 40 IN3EINCD 3AIX0 TVEIIW ONILVIICNI ¥0d4 SAlvivddy

4 1T 3InvIs STIVIIW ITVHIV  €0€87
8 0961 9NV #6-€8¢ dd 10T V Id SYINI 23713 LISNI 20¥d
WNIGOS d40 IN3LNOD 3AIX0 3LVOIANI 0Of HOLINOW ALIAIESIS3Y

4 T 3Uvie STVI3W ITVNTIV 20€87
8 0961 NV 9€-0€ dd 8 A 9U3INI VAUNWOLY
TOYEINOD IN3INOD 34IX0 40 SOOHLISW OGNV S30IX0 Wo¥d WNIAoS 40 NOILVIISI¥Nd

IV 13 V 4 ACTZOM T 4 ADTTININ STIVIIW ITTVNTIV  T0€e87
8 6661 CLT-89T dd 8 A HIFLI-WNMIVA
VN GNV 3 40 NOILVIIJdI¥Nd 3HL

J 3FZNNA STVI3IW IVNTIV 00£871
8 0961 25%-S—-8N NOILVIAV V N 40 AIG IV 82¢€-dV39
WRIADS GINDIT WO¥d 3ICIX0 WNIGOS 40 TVAOW3IY 40 SNOILVOILISIANI IVINIWI¥IAdX3

9 sIynIg WrIaos 66291
8 9661 0T ON $T A SJIINOIIONN
SWILISAS ¥IISNVYEL IVIH WNIGOS NI NIFAXO TOUINOD OL AVM FAISN3IEX3INI

IV 13 T 1T AVY9 STVI3W ITVITIV 86281
g L961 € 230 2:2°G1I8%2 IN3LVE S N
WAIQOS JINDIT WO¥d 3IAIX0 WNIAOS INIAOW3Y ¥0d COHIZW

IV 13 H M NVW3IOONYE WNIigos 26281
8 9G6T°GT AVW 296°6H2°%2 ON IN3LVd S N
SNV3IW NOILVZITIVISAYD TIVNOILIOVYd HLIIM ¥31713

O 9 S3I3HYCOA H M NVYW3IIINUS WRIAoS 96241
8 9661 96T-€ST dd 2 A © 3HIIV
SW3ILSAS ¥OLIV3Y G3IT00D WNIAOS NI TOYINDOD ALI¥Nd

H M NYW309Nu8 WAIAoS <6281
8 2961 ST AAF L182-(T-0€) iV LJVHINDOD 8Z0S-ONN

WNIAO0S NI N3OAXO ¥O04 ¥313W SNONNILINGD 40 IN3IWJOTIIA3Q
H Z13WNI3tS RWNEIABS ve2en

i P8 W e



1 %961 AL 1d3¥ TVIINHI3L ISNOHONILISIM
961 A -AVW GOIY3d TI3A30C ¥OLVY3IN39 ¥ndS

44ViS SIV3sS

g €961 S¥i-evl 4 (Ild) 929.L-01lL
¥YYITONN G3LINA IV SITLIAILIV STVI3IW CGINDIT 30 AYVHWNS

H Z13WNIZLS W 3INOW STVi3IW ITVHIV

T96T €11 d 9T ON 1d3¥ TUYNId4 HE08-NOV
TWAT dO¥d TYIISAHD OGNV NOISO¥Y0D WNIGIENY S3IANLS HI33L SW3ILISAS ¥Y3MO4 3IIVAS
43VES SIINGITINN TVIINIO-LIFOY3V WnIaisny

-0 €961 AVW €8-C8 S VINITIOU3N3IOId3IL
STiW ISNOD 40 L1SIS3Y¥ NOISOYY0D “ALITIGVLIS INILS3IE ¥M0d LINJYEID dW3l HOIH
I A NILIMIN STVIIW ITVXIV

8 €967 130 906 9% J0S JIWVY3IT ¥3WV TVNINOP
GOZBN-E0Z1IV W3LISAS 3HIL
¥ 9 NICAVT VNIWATY

8 1961 230 I 1yvd 9291-011L
¥ NI N3OAXO 40 NOILVNIWYIL3Q TINY¥O 1V WVHO0Ud TVITLATVNV VIIW ITVXTV
3 3LIHM STIViIK AWMV

8 2961 HI3L UOLIVIY YVITINN WAISOIWAS HLI9 GG9IGIL
WRIHLEIT NI N39AX0 40 NOILIVNIWYW3II3Q 3HL
IV 13 ¥ ¢ S1i0d [ ¥ INSMO¥OMVC WRIHLIIY

8 2961 1d3S H-tHETl dd HCA AUISIWIHD TVIILATUNY
WRISSVICd 9NISN IVI3W WNIHLIT NI S3AIY¥LIIN GNV S3CIXO -0 NOILVNIWY3L3C
3 9444947109 WAIHLIT

8 8661 1€ 130 9Z2-3N3-S0%L-M 1JVMHINOD 02G2-TNUO
TVLIW WAIHLTIT NI NITJAXO 30 NOILYNIWY3IL3Q
H ZIIWNIZLIS I H XV¥S WNIHLI

8 I96T 9 230 2€9°%¢88 INIIVd HSILIYE

Tvi3W ITVNTV 40 INJINOD 3CGIX0 IVISW ONINIWYILI3Q SNLVYVAdV NI SINIWIAOYLWE
v 1103AVEG 8 M TIVH SIVIIW IIVITV

“

€te8g

21e81

Tic8

01cgl

60¢€871

80¢81

20€81

90¢d1

sgeq

$0e81

0K



&
€
6
19 % 1
19 H
L9 1
6
L9 T
TVA3 d0%u¥d
6

0c61T 2AV 2991 1d3Y V43N T11-€91-9d
WRIHIIT NI G3iS31 STIVIU3LIVH
¥ H NVHd3ILS 3 ¥ NOSY3IANY WAIBWNATI0D

0661 SNV 2691 1d3¥ V43N 11i-€91-8d
WNIHLTIT NI G31S3L STVIEIiviW
¥ H NVHd3LIS 3 ¥ NOSYU3OGNY UNIWATY

0S6T 9NV 2691 1438 Vd3IN I11-291-4€d
WNREIHIIT NI J31S3t STIVIUN3LIVWN
¥ H NYHJILS 3 ¥ NOSU3IANY S3CINC HINVI 3J¥VY

0661 9NV 2691 1d3¥ VJ43IN IT1-€91-8d
WOAIHEIT NI G31S3L STIVIUILVW
4 H NVHI3ILS O ¥ NOSY3IANV WNIHLILT

€961 ST 3NAC 96860%3A0 G-9590~-Z9MON 1S3M A8 1d3¥ d43MN3 AAVN
£33HS ACTIV WATVINVI 40 NCIIVATIVA3 GNV NOILJNGOY¥d L071d
1 ¥ A37938 7T ¥4 NOWWV 111-1 WNTVINVE

€961 TE€9 NILIITING TVIINHIILI d¥03 VAV NVIIVIWV
SOIWVYE3I] OVWISTIV 40 S3IT1¥3d0¥d TVII¥LEI3E3 ANV IVIINVHIIW
43VIS d¥03 VAV NVII¥3WY UNIRNIV

€96T 2¢1 NIL2TIING TVIINHIIL d¥0D VAV NVIIY3IWY
SOIWVY3ID G3IZITTVISW OVWISTV
dd0D VAV NVIIY¥3IWV Jd4VIiS Sivas

2961 AVHW 691 1¥0d43Y¥ JIWG

dW3L HOIH LV STVIIW IN3WNIVINOD NO SIViI3W ITVANTIV N3L0W 40 133343

3 W AVILVHV STIVIIW ITWITV

YOoH=V NIL3ITING 0D JPVMINOLS S A AIQG 31V
VNIWQTY HOIH 311V
d3VLS FRITWV UNIWQTYV

TVIOISAHd OGNV NOISO¥N0D WNIGIGNE S3IANLS HI3L SWILISAS ¥3MO4 33VdS

434ViS SJIINO3TIIAN TVE3INIo-1310¥3IV wWAIaIany
1961 €41 d 91 ON 1d3¥ TUNI4d $€08-NOV

$2281

€2281

z2zegn

12291

8881

rA AR

y181

0g81

oL181

11e81



849 2t 0961T°%22 934 G621 1¥0d3¥ JING
SACTIV WNAISWNATOZ ONV WNIGWATOD 30 S311¥3d0¥d IVIINVHIIW OGNV IVIISAH
V £ MONOH S 3 11311¥vd SADTIV WNISWNTIOD

4 1961 AL Z28T1~19Y¥L GSVY HVLIN 40 AINN 2€89/919/¢€4V 1d¥ GSY
SAVIYILVN JIWVEID NO S123443 TVIN3WNOYIANI GNY JIVIUNS
IV 13 % 3 JKWYHONV3E 9 8 MJIC S 9 ¥3dive VNIWNIv

K4 €961 NVP 01-24 9%A 30S IJIWV¥ID NVIIWIWV 40 TvyN¥nor
STIVISAYD ITIONIS VITTIAY3S dJ0 HIMOUS
8 S NVWY3LISNV vViilA¥3g

8 2961 96-2S d T T3A3A NIIS3A SS330¥d WIHI»INI ANI
ALT¥Nd HOIH 40 JCIX0 WNIYILA
IV 13 @ ¥ N3ISNVH ¥ 4 ¥3HSV VIdLLA

g 2961 99-29 d 1 T3A3G NIIS3C SS3I30Ud WIHI 9N3I OaNI
ALT¥Nd HIIH 40 3ITIXO WNIY¥iLiA
Y 13 G ¥ N3ISNVH ¥ G ¥3HSV S3AIX0 HI¥VI: 3¥VvY

8 €961 1d43S Z21-10%d G%A 30S DJIWVYII NVIIYIKV 40 TYNINGP
STIVEIIW AMOLIOVYI3Y II SOIWVYIID ANV STIvi3IW NIIMIIG SNOILIVIY IIVIYIINI
TV 13 3 V Y3IAVHNUVHD W M ONOYLESKWHY STV3S

K4 C96T VW 8I-STITd S¥%9 30S JIWVYID ¥3IWV 30 WYNY¥NOr
SACTIV TINTIN-IYIHdAYS I SOIWVYID OGNV STIVLIIW NIIMLEIE SNOILOVIY IJVINIINI
3 F 3INVYVYID I V U3AVINVHI W M ONOYLSWuY JYUIHIAVS

8 8G6T UVW OTT-VI/WV-091 ASY3IN3 JIWOLV WOQONIM G31INN
AQTIV WNISSVLIOd WNIAOS AGNV TvidW WNIGOS d0 SISATVYNY
NONV SIVEIW ITVINIV

8 1961 ¥VW 9%1d ¥HA J0S SIIWVE3IID NVIIU3IWV NINOP
AQMLS JIHAVYOOQTIVLI3W Y03 SOIWVHID VNIWNTY HOIH 40 ONIHSITO4 431713Y
8313d S3GITIONV VNIWNTY

0c61 9NV 2991 1d3¥ V43N Ti1-¢€91-94d
WATHLIT NI (31S3t SAVIU3LIVW
¥ H NVHA3ILS 3 ¥ NOSY3IANV WNIVINVL

9281
9e81
118
64281
m¢wa
11181
€018
€128
181

62291

210



AIFLUIANCD IJINOCIWYIHE 3A0YLIIII3I A¥VITIXNAV NV 40 INIWIDTI3A3C
Y3LY3IANDD JINCIOWY3HLI 3G0¥LI3T3 AYVITIXAV NV 40 IN3IWIDI3A3Q
£ AQVHEO0 9O 4 Y3079 WRISID TVYidW ITVIHTV

8 1961 “Z 9NV 216°cL8 IN3LVd HSILIVE
TVi3W QINDIT 40 IN3IINOD 30IX0 WiL3W SNILVIIANI ¥03 SNLIVEvddY
4 1 3INVI8 STVI3IW ITVNTV

8 0961 9NV %6-£8¢ dd 10T V 1d SYIN3 3373 LISNI 30¥d
WNIGOS 40 INJINOD JCQIXO 3LVOIANI Ot Y¥OLINOW ALIAILSIS3Y
4 1 3Nvie SIViI3IW ITVNTV

8 0961 25%—-S—-8N NOILVIAV vV N 40 AIQ IV 82€€-dV39
WAIGOS aINDIT WOoUd 3CQIX0 WNIGOS 40 IVACWIY 40 SNOIEVOILSIANI IVINSWIN3AXI
9 Siun1ig WnIaos

9y 1 €961 NVI 102-€9 ¥l gsSv
£33HS 26493 WRIGWNTOI 3I2NA0Ud 0L SAOHL3W 40 IN3WHOT3A3Q NO L1d43¥ TUYNII
W Y¥3TSSNHIS 9 r A3IM39 29480 WNIGWNTIO0D

L9 T 3iva ON d¥03 VITIAY3E TVNOILIVN 133HS Vivad HI31
X01¥39
d¥03 VITIAYIE TVNOILVN J4VIS VITIAd38

L9 A 2961 2 udV Vd ONIQV3Y d¥03 WAITIAY¥3E 133HS viva HO3L
V=-0%1e= NILITING VIVA TVIINHI3L 30IX0 WNITTA¥3E
dd03 WNITIAY¥3E d43ViES VETIAY34

e %661 TIYdV $2-STd €9A 39V JINVYID
SIVIS JIWVA3I 01 STIVIIW IUNIVYIHWI) HOIH
VvV d30N38 SIv3s

9 0961 &6 AVW $690%2aVv ViIiiSV
S3IVIA30 ONISNIS JW3L ANV NIVYLS dW3l HOIH
vV V NViil38 31IHdVYO

68 8S6T%0€ 230 2019982 IN3lVd S n
STVIIW ITVHTIV QINDIT WOUd SIILIUNDWE A3IATOSSIC 20 NOILIVNIWITS
TS SYIALIVM 4 3 Siinivse STIVLIIW ITVATV

61871

€0e81

20¢81

66281

€218l

€618

618

82971

Tea

69281

211



€661 ¢ 230 2I-CcT-06-40 TNYO
40061 1V WNIQOS NI 3QIX0 WNITIAY3E 40 NOISO¥NO0D G3INANI NOILVIAVY
M M NOSNIM¥VE 3I M 39VANNYE VITIA¥3g

L6561 ®€ 2330 21i2°G18°2 INIEIVd S N
WNIAOS CGINDIT WOYd JAIX0 WNIGOS INIACWIY ¥O03 GOHI3W
TV 13 H M NVYW3IOoNu8 Wniaos

9661 98T-¢ST dd Z A I IHIIV
SWILSAS ¥OLIVIY¥ CG3T7003 WNIAGS NI T0YINOD ALI¥Nd
H M NYW329NYE WR1aos

9S6T4GT AVW 26S°SHE*Z ON IN3IVd S N
SNV3W NOILVZITIVISAYD TYNOILOVYd HIIM ¥31711d

9 6 S3IIHIY00OA H M NVYW3ISaNuE WAIC0S

T 7961 ¢Z2 TI¥dV 03 NIVI3IO¥0d4 S¥ODI
QOH1I3W JINOS Q3AOUdWI NV A9 I 0021 0L 038 GNV €02 40 1TNGOW JI1Sviz
3 T vYI3Y¥3d OGNV ¢ @ S$991vg VITtAY34

1 %961 422 I1¥dV 03 NIVI3IONOd S¥0DD
GOHLSW JINOS O3ADYdWI NV A€ 3 0021 OF 038 GNV €021V 40 ITNGoOW JILSVi3
37T VEIIYY3d ANV G @ S991ve VNIWOTV

~

1661 330 H-€€Z dd TA ASOCTIONHI3L GNV 3ON3IJS UVITONN
NOTLIVITILISIO AS VN WO¥d OZVN 30 TYAOW3IY 3IHL NO

T £ JAVIONVH T ¥3IM3Ng WaAtaos

C 1667 INAF 61-cLT(919€ ALIITO0S JIWVUII NVIIUIWV 30 TYN3nor
S3IAI Y08 AY¥OLOVY43Y 40 AANiS Vv

IV 13 7 ¥vN3¥g S301¥08

€961 120 9008(2691¢cedV 1d3¥ LYVNG Q¥E $2£982GV ASY
YILUIANOD JINCINNIHLI 3A0YLI3ITII AUVITIXAV 40 INIWDOT1IA3C
it £ AQYY¥30 9 4 %3079 WNES3D TVIIKW ITVHTV

2961 ATNF S008{2S91€EdV 1438 1Y VRO GNZ 0%6L120GV GSY

2%281

16287

$6281

96281

es181

%5187

65281

L1871

2881

6181

9160



68 7 21 €961 ST AV O9TZ-ESVN VSVN
INSWNIVINGD TVLi3W NIV ¥0d (S6SVI AOTIV 80 HIONIYLIS HOIH V 40 NOILIVNAIVASI
O ¥ MNVEY N G VEESINIW 9 ¥ NOSTIH¥VD WNIGWNATOD

8 0961 HJOYVW S-8-221 6€ (AN} TVYNUNOPL SNIGTIIM
SAGTIV ONIZVY9 INVISIS3Y WNIGOS GINGIT GNV NOIEVAIXO 20 IN3WdEDI3IA3G
H L13VEZLI¥VMHIS G OJINONVD SABTIV ONIZVydg

Y 8661 8%9-LGYUITAVM IV 90%E€E€-{0092€cdV IJ7HINDOD UV 1438 TYNIZ
SACTIV ONIZVHE8 INVISIS3IY WNAIGOS CINDIT OGNV NOILVGIXO 40 iN3IW4OI3A3Q
H LYVEZLYVMHIS V Q SJINONVD SADTITV 9NIZVYS

K4 €96T°T2 AVW S-%%Z d 9%A 30S DJIWVY3J H3IWV 40 ¥n0f
N8HZZ 40 SS3IIXI NI 3II8VLS ONIGNDS TWiIIW JIWVYEID
9 VvV S¥3Ang SIvas

S 2961 3NNF 9-60€d SHA I0S JIWVYID NVII¥3IWVY 40 IWwNINOL
3930 0 0L 002~ L1V SIVIYILVW 40 NOISNVIX3I TYWYIHL
W X¥ng ViltAY¥3g

9 ¢961 3INNE 9-50€d SHA I0S JIWVU3ID NVIINIWV 40 jyNdNoP
3 393C 0 01 002~ LV STIVIGW3LVW 30 NOISNVAX3 TVHYIHE
W dng VIS3NOVKH

9 ~ 2961 3NNT 9-00cd SHA O30S JIWVYHID NVIIUIWY 30 IVNYNOP
3 930 0 06 002- LV SIVIY3IIVW 30 NOISNVAX3 TVYRU3IHL
W ddng VNIRATV

0 €961°€T YVW dd81T 028662 VILISY ZT21290L3 TVIIGOI¥3d NVISSHY
ASCTIONHI3L NI 3SN YI3HL ANV 3CQIX0 WNITTAY3E HLIIM SW3LISAS
V ¥ AJAVATIIE dJd d AOMINGNS VITIAY3g

68 €961 61 OAV L1162 SWVYT AY0LVH08VT JIJ4IIN3IIDS SOWVIV SO1
NOIL1VY3dO FENIVYEIAWIL HOIH §0t SIV3IS IVIEISW OLf J2IwWVy3D
S 9 SUNVH 1T 3 32IGNNYS STV3S

19 cl Y9-4T-L M 1V 443N Gl HSNYE 40 NMOHEG ¥ NOILIVIINNWWOD
VITIAY3E9 ALIYNG HOIH 40 S3I1¥3d40¥ud
83 WAITTAY38 HSNUE VITIAY3E

ZL81

20281

10281

00287

60181

801a81

L0187

2g1

8%1871

06181



L9

I66T €2 NVIP 8G-1-15-31 1d3¥ d4¥03 INVIAUIV ANV INIIONI QIIHOYIVS
30002 0Ol dW3L LIV WNIGOS CGINSIT NI STIW JIWVHID 40 ALITIGVIS NO OW3W HI31L

3 £ SNIZT032 VNIWATY  $H287
1 1961 3INNL T12-692d HHA AL3III0S JIWVEID NVIIN3IWY 30 IvN¥NOP
JIN3EIHGV TV3S TVIIW B JIWVYID 30 WSINVHIIW NOILVYOIW SSVI9

O ¥3WWOS S S 3103 Sv3s eH1g1
K4 96T NVFf 0t OT NOILIVINSNIE
VITIAYIEG ALI¥Nd HOIH 30 ALIAILJNGNGS TVWY3IHLI OGNV HO3L ONIZITIVIINW

f ¥ NMO¥G S S 3703 VITIAY3E 06287
v I %961 NVF 0t O NOILVINSNT
VITIAY3E ALI¥Nd HOIH 40 ALIAILONAGNGD TVWY3HLI OGNV HI3L ONIZITIVLIIMW

f 8 NMD¥g S S 370D SIv3asS 16281
¢l 9661 AON 6EA J0S wMzﬂmwu NVIIYIWY J0 TvN¥nor
VNIWNTV G3¥3ILINIS 40 S3I11¥3d0¥d TVIISAHI NO ALISOMOd 43 133443

G M A¥3IONIN 7T ¥ 371800 ) UNIWOTIV H2187
V4 2961 ¥YVW 12-€21d SHA 30S JINYIIT ¥Y3IWV 20 TYN3NOP
SIUIHASOWLVY 30 133443 VNIWATY SNI¥IINIS

T ¥ 37903 VNIRQIY #0197
4 €961 ATNPL %S5-€5€d 9YA J0S JIWVYII NVIIY3WY 20 TyNunar
3AIXO WANIWRTV INITIVLISAYIATIOL 30 43380

v L3 1T ¥ 37190) VNINATY o61181

2961 €¢ AON 6¢d 6LLZSKVT 9V JI4IINIIIS STWVIV SO
SIVLI3W AINDIT AS NOISOYY03 NO AHAVY901I9IS

f N373H MDIH3 SIVIIR ITVATV 6187
0 2961 230 seHR(919)eedV G96~-29 ¥l A4SV
STVIYILVW INIWNIVINGD NO WAIS3D HO4VA ANV aQINdIT 40 Si133443

C N NVW3IJOH L M ¥3ITANVHD WRiS3J 2L87

6661 6TT-€TIT1 dd T STIVIY3ILVW BVIIONN ¢
SNOILVMINIONOD MOT d0 3SVI NI 43Sn CGOHI3W 9H-VYN NI 2C 30 NOILVNIWY3:3Q
F 01dNG ¥ Svddvad 7T XI3dWVHD WNIQ0sS %1281

214



L9

L3

STIV1i3n

STIVLEIW

SIVi3W

SIVi3W

SIVi3n

LG61 SNV 8L-%221(8}0% AL3III0S DJIWVHEII NVIIYIWV TVNINOT
SJIIWVAEID 3CIX0 WNIYLLIA 40 S3I1¥340¥4
3 3 SIi¥nd JAIX0 WNIYLEA

4961 NVYF 6T-ST(T10% AL3IIJ0S JIWV¥3ID NVIIYIWV TVYNUNOP
JAIX0 WNINITOAVO GNV 3CIX0 WAIYVWYS 40 S3IL1d3d4d0¥d JIWVY3D
¥ £ NOLESNHOr 3 3 STrund 30140 WAIYVRVS

£66T NVIr 61-51 {1)0% AL3IO0S JIWVIID NVII4IWV TVYNYNOC
3AIX0 WAINTOAYS ONV 3AIX0 WNIYYWVYS 30 S311¥3d0¥d JIWvVH3D
d £ NOLISNHOr 3 2 Sitund 30IX0 WAINITOAVO

961 9NV A3Y 1000 133HS VIVG SHOO03

S3TWV¥3J S¥002
H4d4VLS 083 NIVTIIOUWOd S¥00d VITTAY¥3E

961 2NV A3¥ 1000 L133HS ViIV(A S¥00D
SJOIWVYID S¥003
34V1iS 03 NIVIIJYOd SHCOD VNIWATV

0961 3INAF T6€l TINYO

GINDIT NI SI13WY¥33 GNV SJIIWVYID SNOIYVA 30 IOINVLISISIY NOISOUY0D

H M 00D STIVIIW ITVHIV

096T 3INNF 16¢cZ TINYO

QINDIT NI S13WY¥3D OGNV SOIWVY3D SNOIVVA S0 IONVISISIY NOISOUN0D

H M 002 VNIWNIV

G961 3NNF 16€Z TINY¥O

GINDIT NI SL3IWY3D ANV SOIWVY3ID SNOIWVA 40 IDHVISIS3Y NOISOUM0D

H M 003 VITiAY3s

0961 3INAT T6€Z INYUO

GINBIT NI S13WY¥Y3D AGNV SOIWVY3ID SNOIYVA 40 IINVLESIS3IY NOISOWYDD

H M 003 S31A08 HiYv3 I¥VY

0961 3INNT TeEl TINYO

GINCIT NI SI3HYIT GNV SITWVYID SNOIYVA 40 SINVLEISIS3IY NOISOUHO0D

H M NOGO VI¥OH1

&

%181

1181

21a1

ZL187

12187

6%1497

05141

[$3%:0

2stgt

estgt

91R



8 9 ) T961 €28191 €d SiO
STIVLIIW WANILIVId AY¥YOLIVYE3Y 40 YOIAVHIE INIAOTIV OGNV d0¥d dW31l H3IH

I ¥ 3343ve 3 3 N3GTI0H M ¥ SvV19n04 ROIWSO

849 4 T961T €<Z8T91 8d S1D
STIVLI3W WNANILIVId AY0LOVYI3Y 40 YOIAVHIY ONIACTIV GNV d0¥d dW3i HIIH

I ¥ 33d44ve 3 4 N3IGI0OH M ¥ SvY1I9n0d WNIGIYIE

849 4 1961 €28191 94 Si0
STIVIIW WANILIVId AY¥OIOVYI3Y 40 YOIAVHIE ONIACTIV OGNV d0¥d dW3l HIIH

I ¥ 3343ve 3 4 N3GTOH M ¥ SY1In0a WRIQOHY

8L9 2t 1961 €28191 9d SiO
STVIIW WNANILIVId A¥OLOVYd43Y 40 YOIAVHIE ONIAOCTIV OGNV d08d dW3L HOIH

I ¥ 3344V, 3 4 N3GIOH M ¥ SVYI9Nn0Q WNIGYIIVd

849 21 1961 €28191 8d SiC
STVi3WN WNANILIVIE A¥OLIOVY43Y 30 YOIAVHIE ONIACTIV OGNV d0¥d dW3l HOIH

I ¥ 33d43vlh 3 4 N3AQTOH M ¥ Sv1I3n0a WNNILVid

N4 2961 AVHW 6S%~iSH{SiTi¥% TVNUNGOF ONIGTI3IM
J1IH4VY9 30 INIzZvue

W 9 ¥3ILHONVIS 9O ¥ ATI3INNOCG J1IHAVYY

8 0961 UVW 29¢~-09¢ dd 2¢ A W3H3I VNV
A¥13IWO010HdO¥133dS a3¥VYINI NI IVISW WNIGAOS NI N39AXO 30 S3IoVvyi

f H NIN¥YS3a WN1a0s

8 2961 °S91 NVf ZE€LS YS NOILVIAV NVIIYIWY HIYON
WNIAOS NI N3O0YGAH ¥04 3I3IA30 NOIED2313C

¥ M SIAVG WNIaos

%961 HIYVW Z¥-%€ d (€122 °A SIINO3ITINN
3TIA3 ININNVY 3HE 20 3¥nind 3HL
°1 °*H ¢SIAVG SADTIV WNIGWNTOD

g 6661 UVKW 9S-TGT (€)Z% ALIITOS JIWVU3ID NVIIYIWV TVYNEOOPF
3AIX0 WNIMOYN3 30 SIIEY3Id0Ud JIWVYID
9 VvV d¥VHL 3 2 SiLrund 3GIX0 WNidoyn3

6987

8481

L9871

9481

s987

s281

94291

Y RA N

€819

€181

216



9 €961 02 AVW 9 d ¥96G Ld3¥ 9V HIYVISIY IVAUN
1d3¥ ST 490¥d UVND Hi6 WAISSVLIOd GN¥ WNICOS 40 S3I1¥3d0¥d dW31 HOIH
NN

VI3 ¥ D ONNYLS 4 INOLS £ 2 ONIR3 ¥21 WNIgWNI0d

g 8G6T TI¥AV 291-191 de¢ 6A SAHd IddV ¢ LIdg
S3ITdWYS GINDIT NI ¥3IHLIOO0L IN3SIUd N3IHM HZUN ONINIWY3I3Q ¥3d JQOHI3W V

d W SNO0ONS3 SIVIIW ITVXNIV

0961 29-5ST &/9 ON 9 JIQU3INS VNU3IAVE GILVISNVIL S99-di-—dN
SIvi3W QINDIT AG SIVIZILIvA TVENLIONYLES INICGOYYOD 30 SW3IT80Yd
vV NVIOAG STVI3W IV

L)

€961 %82 INAF IYNHIOYE INOd ANQa
SAGTIV 3SVE WNISWNIO3 ¢SNOIIVIIZIZ3d4S 1INA0Y¥d
33ViS LINGENG SACTIV WNIBWNTIOD

I €781 3NN 1¥0d43Y8 TVIINHIIL1 SENOW3IN 30 INOdAG [ 3
SAQTIV 3ISVE WNISKNTIOD NSIIVIIZId3d4S 1oNG0Yd
4d4V1S S13Nas¥d IVLiIW 02 SUNOW3IN 30 INOdNG I 3 SACTIV WNISKNTIOD

8 9 8661 730 HS-T6S{2T1}y AL3I30S JIWVU3ID NVIIYIWV TVNINOT
S3AIXO0 HIYVI 3YVY 40 STILSIUILIDVYVHI ONI¥IINIS
T 9 Z130%d M 2 NVINALISAY¥MN 3 H SVWNG S30IX0 Hixuvi J¥vY

9 21 $961 100 c0IBEL MNSVLI 92€8{2693cedV 1IVYLINGD Z01v-€9 ¥AL QSV
XOBGANVH NGILD313S TVINILVW V SOIWVYIY A¥OLIVIIY
IV 13 H M HLYOMIONG S3AIX0 3JIWVY3D

8 1 €96T ST U4V 61920%AV-3CQ 8€00T(269)ce4V LIVYLINOGD QSV
SYILYIANGD DJINCIWYIHLI IWNLVYIAW3E HOIH ¥03 STV3S TVIIW Ol JIwWvE3dD
© N MNVEG3Y d4¥00 XIAN38 40 T W INIY¥a SIv3s

8 4 €961 ST NVIM 6S1H620V-200 8cOOT(LCTIEEIV LIVYINDOD OGSV
SUILYIANDD JINBIWYIHE JYNEIVE3dW3IL HOIH ¥O3 STVES TVidW 01 JIWVYID
NOISIAIQ MNVEG3Y d¥03 XIGNTIG 30 T W ONIY¥G S?W3S

g9 I961 £2Z81IST 8d S10
STIVI3IW WANILVId A¥0OLIOVUISY S0 ¥OIAVHIG INIATTIV ANV d0¥d dW3Ll HOIH
I ¥ 3344v0 3 3 N3QT0H M ¥ sSvianoa WOIN3HINY

1687

19281

40281

28181

€918

o181

64181

6€181

eetal

0s81

914



Sv3s

O ¥3LHONVIS S ¥ GNVIITIIS M 2 X064

TVLI3W NO

SW3ILSAS

v

v

v

€961 234 (Z21)Z%A TVNYNCT ONIGTI3IM
WNISWNTO0D ONIZVYE ¥0d SACTIV 30 IN3SWJOTI3A3C0
SASTIV WNISWNTICI

2961 8 AON 1% Wi 1id3¥ HI31 TIN¥O
SOIWVYE3D 30 ONIZVYHE 1L¥0d3¥ SSIWI0¥Ud
M 2 XG4 31THAVYO

2961°8 AGN €TH Wl TINYO
SOIWVY3J 40 ONIZVHE 1¥0d43¥ SS3IU90¥d
M 3 XG4 VISINOVKW

29618 AON €1% WL TINY¥O
SOIWVYID 40 ONIZVYE 1d0d3¥ SS3IU90¥Yd
M 3 Xod YNIWATY

I961T AL $Z2-1-19 TINYO
WRIGWNTOI3 40 INIZVYE NO 1¥0d4d3¥ SS3UO0YUd
O ¥ ONVIITIED M 2 XOd WNIGWNTI0D

€961 €34 0L--99d Z%A J20% JIWVYIIZ NVITH3IWV NIiL3ITING
SJIWVYID UYNIWNTY JO 37IS TIVISAY3 ONV dWO3 40 133343
4  JACHS sSIv3as

€961 %e—-€2 d 1 1d 929.--CAL 8VT TVYNOILVN NIAVHIDDYE
WNIA0S ANV A¥NI3W NI S3I0NLS NOISOYY0D QINDIT ¥Od4VA
¢ 13 V ONVWOY V NVWLIISTd WNIaos

8661 ACON 268902QV %i2-86 ¥li JQVM
SIT1YId0¥d TIVWEIHL 30 SEINIWIHASVINW
13 3 ¢ 39G3H € 1 3SNOHAI3IZ WAISWNTI0D

8661 AON 2689020V #1Z2-8S ¥L JQVHM
SITLY3Id0Ud TVWYIHL 40 SINIWIYNSVIW
13 2 ¢ 39G3H g9 1 3SAOHAI3Id UYNIWATV

8661 AON 268990204V %iZ-8S% d¥di JAGVM
S311Y3d0¥d TYWYIHL 40 SINIWIUNSVINW
£3 2 r 39G3H 9 I 3SNOHAT3I4 JHIHdAVS

65187

1981

2esgt

1287

0281

<97

71281

c6871

%6871

€681

218



A |

0

6G6T & d JGYV HINV ASY¥3INI JIWOLIV WOGONIM J3LINN
AVYN OGNV WAIGOS NI SIN3IW3IT3 32VHi 20 NOILVNIWY3 3G 3HL

TV 12 I 9 MOT1340009

AVN

6S6T %€ d 20UV HLINV AJYINIT JIWOLV WOAONIM Q3ILINN
AUYN OGNV WNIAOS NI SINIW3T3I 3IOVYL 50 NOILVNIWY313Q 3Hi

T L3 I 9 MOTI3440009

WNIAaos

¢961 1d3S ¥%-eHel dd ¥EA AYLISIWIHD TVITLIATUNY
WOISSVYIOd ONISN TVYLI3W WNIHLIT NI S3CIYLIIN OGNV S3CIXC 30 NOIIVNIWH313G

9 9¥3490709

WAIHLIIT

€961 1SNONV 8¥%-cHy d HS IANMITIVIIK *4°S7
NIOAXO-WNIGOIN WILSAS NI SNOILVOILSIANIE
¥ ¥3IHIVEN3IHIOY 3 QGY¥VHE39

WAISWNI0D

L661°0c 3INACL 2S-9INI-60T-T€-M LIVYINGD LO8T-1d¥YN
S3¥NLIVYIdWIL G3LVAITI LV WNIAGS NI NOSYVD 40 ALITISNI0S

J F NOLLIVS

Wniaos

LS6T 9NV €L2-692d (8} OYA AL3II0S JIWVYID NVIIUIWY 40 TVNYNOTP
ALITISVIEIM JO JONICGNIJ3C 3UYNSS3IYd ANV SW3t INIAGNDS Tvi3W DL SSVI9
V F JSVd d S Jd401IW W ¥ HIVYINS

sIv3as

%961 3NNF 16Z2-€82dd (911HA ALIII0S JIWVEID NVIIUIWY 30 ¥nOP
038 O3Y3INIS 40 ITNAOW JILSVII ONV NOISNVAX3I HIONIYLS d3IJYD
V 8 ¥3TGNVH3 3 ¥ T13XAYd

W S ¥31HONVIS

W O ¥3LHONVIS

VITIAY¥3E

€961 NVF S%#Z2-S8Tdd (T112%A TVNINOF ONIGIIM
WNINO3YIZ T WNAISWNTIOD 30 SNIQT3IM
W O ¥3ILHONVIS V 3 vHI3IWY3d4-0ONVYd

4Z T WNISWNTI0D

€967 120 INILIIW ALIIOOS INICQTIIM NVIIYIWV
WNIGWNTOD ONIZVEE ¥0d4 SAOTIV JO0 INIWdOTIIAIC

9 ¥ GNVIITTIZ9 M J X004

SACTIV 9NIZvyd

€961 330 (Z2T)2H%A TYNINCE INIQTIM
WNISWNTO0D ONIZVYg ¥04 SACTIV 40 IN3W4OTI3A3Q

S ¥ ONVIETTI9 M 3 XOod

SAOTIV 9ONIZvye

69281

%9291

90e91

9¢281

99291

Y5187

s9181

19181

86291

09181

219



€961 21 AON 2 ON 1d3¥ AUVWWNS JINEIILESNI HOWY3IS3IY LI1I
SIYNLIVEIdWIL HOIH AY3IA ¥O4 SUCLYINSNI TvIIWis33

34 ¥ TI3IAVH VITlAY3g

X4 €961 3INNF L9-€SZd SHYA 30S JIWVY3IZ NVIIN3IWY 40 TYNENOr
VIYOHI 30 AGRLS INIY3IINIS OGNV NOILVNIDIVD

TV 13 A NINSVE A vavivH VI¥OHL

T 296T°€2 NVI €9H-SSYN $€£2T~dN 1d3¥ TYNIS NOILVEIAV Y3IWY HLJBON
WAISSVIOd I¥NLVUIAWIL HOIH HLIM SIVIUILIYW 40 ALITISIIVARWOD

W 1 NVWLLIT A G ONOWWYH WAISSV1iOd

€961 €2 NVP €9%-GSVN INO3 id3¥ 90¥d 1TUYNIdS €€2T-dN
WIISSVLEOd IUNLIVHIAWIL HOIH HLIM SIVIYIIVW 40 ALITISIIVINGT
W L NVWILIT A O GNOWWVH WNISSVICd

1961 °9 330 2¢9°€88 IN3L1¥d HSILI¥E
TVLEIW ITVNTV 30 INIINGD 3QIX0 IVi3IW ININIWYILIQ SNLIVEVAAY NI SINIWIACYUdR ¢

V 1L0JAVHEG 9 M T1VH STVIIW ITVATV
S 1 T96T°9T AVW LOT WNANVYOW3IW 2IWG
SIVIYILVW JITIVIIW-NON ANV 3I77Vi3W 40 MOIAVHIG JT1LLI¥E 3IHL 40 NOSTUVdWo?D
I ¥ 33d44VF L 9 NHVH WNNIO8ATOW
9 1 T96T°9T AVW 20T WNANVUOWIW JINQ
STVIY¥ILVIW JITIVIIW-NON ONV JITIVLE3W 40 ¥OIAVHIE 3711Iu6 dH1 40 NOSI¥VJWOD
I ¢ 3334vF 1 9 NHVH S3IAIX0 JIWVY3D

1961 “€Z 9NV 8¢ST ILNLIISNI IWINYOW3IW 3113Live
Wdd O MO39 SNOILVYINIONGD IV WNIAOS NI NIOAXC 40 NCILVNIWY¥3L3Q
IV 13 ¥ 4 ¥3S3I¥9 Wniaos

9661 OL ON T A SJINB3ITINN
SW3LSAS ¥3JISNVYL LV3IH WNIGOS NI N3I9AXO TO¥INGD 0L AVM FATSNIIXINI

IV 13 T I AVY9 STIVIIW IIVANIV

9 g3tva ION I¥NHO0¥E NVYIEIW 9NIAGY1S
SJIWVY3ID TVIINHIIL

34ViS NV38OW SNIGavio UNIWATY

16191

90181

50281

812891

%0e81

1887

0881

IRXAN:

86281

84191

220



6 g 0961 TIddv (T.8-09NL ¥SOIV) 6298220V
dW31l G3LIVA3TT fv SIIY0LIJVY43d Q3133735 ANV ILIHAVYEI JILATOUAL *S3SSVI9
W LVNWI VITIAY3E

6 0961 1Id¥dV (T118-09N1 ¥SO4V) G2%8L2QV
dW31l Q3IVA3T3 1V SII¥0LOVY4A3Y G313373S ANV 3ILTHAVYD J1LATIOUAL*S3SSVI9
W LVNKWI VNIWATV

8 6961 3INNT L-T10€d 8CA AL3II0S JIWVYE3D NVIIY3IWY 3IHL 40 NIL3T1ING
ONIQONOS TVI3W 01 JIWVY3ID 40 A3AuNS V
¥ 9 N3LNOH SIV3S

8 6661 AON 2€0c-¥=3¥3V GVLS3 HOYVIS3IY AQH3NI JIWOLV
1INJY¥ID WNIGOS dvdi—-10H NI N39AXO 30 ONIYOLINOW d64 QOHLI3IW T30 JINVAIVI
M I3 AITISYHOH SITVXTV CINDIT

8 6661 +HG-16dd T€A W3IHI TVNV
GOHI3W NOILNTIQ 34010SI A9 STIVIIW ITVNTV NI NIOOUAAH 40 NOILYNIWY313C
a g L70H SIVIIW ITViTV

6 1961 8V TVNOILVN 39QI¥ dvO $23N0¥Z262 TNYO
dW3l G31VA3TI3 LV WNIHLIT AS SIVIYILIVW 40 NOISOU¥0D
3 3 NVWJJOH A8 NOISOYYOI*WNIHLIET

68 4 66T 9Z-9N3-60%2-M 1OVUINOD 8V TVNOILVN 39CGIY¥ VO
SINIOf SS 31Y3Id8vd 0L g3SN SACTIV ONIZvd¥g JSVYE-IN NO S1IS31 NOISO¥¥0D

3 3 NVWIJO0H SACTIV INIZvys

68 1961 H2-51 dd 691L-0=N1-VSVN
SIIANLS G3LVI3Y GNV TVI3IW ITVNIV ONITIOS

3 3 NVRWIH0H WNISSVi0d

8 6961 330 8-N39 T-TT1-1V 1I2VYINOD 8E€TE-YUS-VVN

W3LSAS WNEIAOS 39¥VT V NI NOILIVYEN3IINOI N3IOAXO dJ0 TO0¥INOD

g ¥ 3ZNIH WNIaos

8 2961 AON Z29/29-0 IN3WHSINEVLISI HOYVIS3IY SNOdVIM JIWOLV

WNIAOS NI NOGYVI 30 SINNOWY WVYIOOUIIW 30 NOILUNIWY313Q

f NOLONIYY3H WnIgos

94281

SH281

IRAN

2928t

0Lea

191

96281

09281

84281

89281

221



68 T9et 934 1€e=L2 d 692 O NI VSVYN
HJY¥V3S3¥ NOISOYUY0D 1WVi3W QIndIT

£ 3 ATI3N SIVI3IW ITVNTIV

4 €961 LT 3INAF 691 OW3IW JIWV ILNLIESNI TWIYOW3IW 3713ikve
SADTIV 3SVE WNISWNTOJ TIVIJHUIWWOD 33¥HE 40 SIIANLS ALITISVGI3M

3 ¥ JOUNOW V d ¥3IWWVM WNIBWANT0D

A4 €961 NVI T0TSel NSVE $89%1(9T19)€E IIJVIYINOD 88-€9 uGi GSV
ONIONDE NOISNI4IC OGNV ONIZVHE A9 STIViI3W A¥0LOV43Y 40 ONINIOP

S M ONNOA S 3 S3NOP NILSONRL

A4 €961 NVI T0T9c€l MSVLI %8%2(9T9)€EE LIIVYINGD BIANN 88-€9 ¥AL ASY
ONIGNTY NOISN43IA OGNV 9NIZVYS AS SIVIIW A¥Oi1OVi3Y 40 ONINIOP

S M 2NNOA S 3 S3INOF 8%—-d4 WNISWNID3

€G6T NVIP T0TSEL NSVL ¥8%2(919)€€ LJVULNGD ¥YIAGNN 88-€9 ¥GLI AQSV
ONIGNGE NOISAJJIG ANV 9INIZVYE AS STIVLIIW AUOLOV43Y 20 ONINIOP

S M 9NAOA S 3 SanNor ¥4Z T WNISKNIOD

0 €961 AVW 6902Z82aV VIiSVY
SFUNLINYLS 3ILISOMWOD + STVIIW ¥Od4 SIAISIHAV dWIE HOIH DINVOYONI NO HI¥VISIY
d M SNISSOY 3 C NOLSNHOr SIAISIHAVY JIWVH3d

8 2961 HJI3L ¥OL3VIY ¥VITINN WNISOIWAS HiI9 cg91all
WATHLIIT NI NISAXO 40 NOILUNIWY¥313Q 3HL

TV 13 ¥ £ SEi0d © ¥ IMSMO¥Oomve WRIHLIT

8 6561 1I1ddV 06T-681 dd TA JINOITIONN
. WAIAOS NI SNOILVHINIINOD N3IOAXO MOT 40 NOTIVNIWY3L13GQ 3HL

9 NVWGI3IM M SNRVYFP WRIAos

68 GS6TCT AT NOILIG3 Q¥IHL S4AIHSNG GNV 23V
IN3W3ITddNS AVN WNIAOS MO0QCNVH STIVIIW QINDIT

v 13 9 3 NOSMavVr STIVIIW ITNTV

0 1961 TI¥dV O3 TI3MNIIN TYNOILVNYIINI
SNOILVIITddV TWIILEIYD ¥04 STIVINILIVW GIACULWI

03 TI3MJIN TYNOI1VN¥3INI SAGTIV dW3IL HIIH

€0287

€etg8l

86187

LsT87

961871

Le1a

40e491

6L291

€881

%2181

222



8

8

1961 120 € ON 1d43¥ 1¥VND Z1-¥SVYN INOD 19601I-VSV¥N

STVLIIW ITTVYNTIV QINDIT NI NISAXO d0od

SAOHL3IW TVIILATUNY NO HOYV3IS3IY

9 NNVWHOIIY H MIHOLWIM STIVIIW ITVATY

1961 TI¥dV T ON Ld3¥ 1¥VNRD ZT-USVN LINOD O01I-19-WG 6TESTI-29N VSVYN

STVI3W ITVMIV QINDIT NI N3I2AXO ¥0d

SGOHLI3W TVIILATVYNY NGO HO¥V3ISIY

O NNVWHIIIY H MIHOLYIM STIVIIW TNV

0961 NVP 9€-0€ dd 8 A SU3IN3 VAVNWOLY
TOYINGD IN3INO3J 30IXC 40 SAOHLI3W GNV S3QIX0 WOYd WNIaoS 40 NOILVIIZidNNd
AV 12 vV 4 ADTZ0% T 4 ACTTINEM STVIIW ITVITV

LG6T 934 oy=2H(2}il¢ ALITIO0S DJIWVYID NVIIUIWY TIVNUNOP
AJYINI DJIWVYID TVIIW S0 INIWIUNSVIW FINTOSSV AI SNOILJIVEIINI JIWVYID Wi3NW

am

AdIINIAN VNIWATY

€561 330 60-20¥(2119¢ AL3IOO0S JIWVIDI NVIIYW3IWV TvN¥nNOor
dW3i A3T3 LV NOILJVIY JFOVIYUIINI 3IAIXO TvE3IW II SNOILDVYILINI JIWVYID IVI3W

am

AY3ONI™ VNIWATY

€561 330 6-c0%d (ZT)9E€A 20S SIOIWVHID ¥IWV TIVYNINOF

a M
€S61 6-t0% (21])9¢
amM
€661 6-€0% (Z119¢
am
€661 6-e0% {2119¢

G M

IT SNOILJVY3LINI JIWVY3ID WWi3IW
AYIININ VETiAY3S

SJOVE J0S SOIWVYIZ ¥3WV TYNINor
IT SNOILOVYIINI JIWVYID TVLIIW
AYIONIN VI¥OHLE

SAVE J0S SIIWVYID ¥Y3IWV TVNInos
I] SNOIIJDVHIINI JDIWVY3ID TVI3W
AYIININ VISINOVW

SOVFE J0S SOIWVY3ID ¥3WV TVNuNOr
IT SNOILJVYIINI JIWVY3D IViI3W
AY3IONIM VINVLIIS

06T ATING L1Ivyy TINV 8V TYNCILIVN 3NNOSYV
STIVLI3IW QINDIT A9 MNOVLIEIV OL SIVI¥ILVW 40 IINVISISIN
T 3 3399VA G M NOSNIMIIM ¥ T NVWI3N SIVIIW ITVNTIV

18281

08281

10€87

91491

s187

L1587

8681

65871

09871

%881

223



6561 O0LT1-891 dd 8 A HIILI-ROMMVA
VN OGNV 3 30 NOILVIIdIdnd 3IHL

3 FZINAM STIIW ITVNTV

1 2961 3NNF6L-%1Z2d SHA I0S JIWVAID NVII¥IWY 30 TYN3nor
I 3YIHdAVS 40 STVLISAYI ITONIS 40 S3It¥3d0¥d MOTd TVIIWVNAQG

T W Od3gGNCU JYIHIAVS

I T96T SYIHSITENd JIINIIJISUIEINI
STEWVYID ONIYIINIONI 40 SIILU3d0Ud TVIINVHIIW

IIE H ¥NOWIVd M M 733931 uM VIS3INOVRW

1 1961 SUIHSIENd IINIIISHU3IINI
SIIWVY3] ONIUIINIONT 40 S3IL¥3Id0¥d TVIINVHIIW

ITT H ¥NOWTIVd M M T3031uM VITIAY3E

T T96T SYU3HSIIENd IINIIISHIINI
SOIWVY3D ONI¥33NIONI 40 S31i¥3d408d TVIINVHIIW

IIT H ¥YNOWTIVd M M 3931TWM VNIWATV

0961 03 18nNd CTIOHNI3Y o039
S3E8NL NOYLI313 ¥0d S3NVINHIIL OGNV SIVIUILVH
H M THOM SIv3s

2961 130 2T-4S-VYN LINOD £ ON 1d3¥ ATHILYVAD 6%S0T-c3N VSVN
STVEIW ITVNTV GINDIT NI N3IJAXO ¥O4 SAOHIIW TWIILATIVNY NO HOY¥V3ISIY
9 NNVWHI3IIY W MNIHOLYIM SIVIIW ITVAHIV

O%-0€1 dd (Iid} 929.-0I1 d¥02 JI¥ld3T3 TVI3IN3O
IVIIW ITVNTIV NI NISAXO 40 SISATVNV 3HLI NI SINIWJOTIIAIC
IV 13 H RIHIMYIN STVi3IW ITVNTV

2961 ¥dV ZT-SVN INGD S ON 1d3¥ SS3Uo0Ud ATY¥3L¥VND 9TSTI-ZON
STIVIIW ITTUNTV GINDIT NI NIOAXO ¥0d4 SCOHLI3IW TVIILATVNY NO HOUV3S3Y
S NNVWHIITY H NIHOLYIN SIVIIW ITTVHTIV

296T ST NVF # ON 1d3¥ LdVvNAD ZT-USVN HINOJ %L22T1-29N VSVN
STIVEIW ITUNTIV GINDIT NI N3I9AXO ¥04 SCGOHISW TVIIIATYNV NO HOUVIS3Y
9 NNVKWHI3IIY H MIHDLYIM SIVI3W ITViNTV

c0c8

otigl

891491

L1871

99181

2681

»8291

68291

£8281

28281

224



8%

€961 82 933 969862GV VILISV
SADTIV A¥OLIVYdI3Y 30 ONIZVYE JIWY¥3IHIOX3I 40 NOILVIILSIANI
TV 13 G ¥4 ONINNVE V ¥ 9NGT NILSINNL

€961 82 934 9698620V VILISV
SACTIV A¥OLOVYd3Y 340 SNIZVYE JIWY3HIOX3 30 NOILIVOILIS3ANI
TV 13 G ¥ ONINNVE V ¥ 9NOT WNIGWNTO0D

€961 8¢ g3d4 969862QV VILSY
SACTIV AY¥OLIVYd3Y 4O ONIZVYG JIWY3HIOX3 d40 NOILVOILS3IANI
TV 13 g ¥ ININNVE V ¥ SNO1 WANIGSATOW

€961 2Z-0Z2 AVHW WNISOdWAS NOISO¥¥0J 33V TVANNV HIZT
SWILSAS TTVI3W AYHOLIVYI3IY NIOAXO-WNISSYLIOd NI ONINOCILILYVd N3IOQAXO
¥ [ ONVI3LISIA d V NVWLI STIVIIW ITVATV

<
2961 (00)THEE-3MON LIIVULINOD 9-G12244V 1d3¥ AYVWHAS
SYUOLYIANGD JINOCIWY3HL NI SW3ITQ0¥d4 ¥OLVIASNI ANV 1v3S
M G NOSNIA31 VNIWNTV

€961 1 HIYVW 18%€lZ0V NOILVGNNGY HIY¥VIS3Y¥ ¥NOWNV
SUILYIANDD JINOIWY3IHLI NI SW3IT80¥d AOLVINSNI ANV TV3S
M G NOSNIA3T €02V YNIWNIY

0961°%2 130 6I21919dSL0 69 OW3IW JIWG
SAOTIV WNISWNATOD GNV WNISWNTIGD 40 INIGT3IM
f d 13dd3TY 3 ¥ 30UNOW © M INSMONL3IT WNAIGWNT0D

296T1330L6EST-CON VSVN 6 Ld3¥ ¥VNE 3LNLILISNI TVINOW3IW 3773L1LVE
WAISSVIOd 40 S3I1iy3d0ud ONIYIINIONI
4F M V NOWW31 WNISSV10d

9661492 YVW TSZ-WIL AIG Ld4VUIYIV AINLIHM ONV LLlVid

0t NOILISOdWOD GNV STVLI3W QINDIT NI SIVIY3LIVW 40 ALITIGILYAWOD (89221-011)

d H ¥3d4331 UNIWNTV

€961 130 906 9% 20S IJIWVY3II ¥IWV TYNENOP
GOZ8N-€c0Z1IV W3LISAS 3JHIL
A 3 N3ICGAVT VNIWNTV

ce18l

9¢181

Heig

928

11281

82871

€2g

02281

%0281

60¢cd

225



8 1661 SATAT 60T-TC-MINOD Z-WYHT-W-TdVM 9V ¥3IMOd JIWOLV STTIONM
STVIU3LVW JIWVYE3I] 40 SiS31 NOISOYYOZ WNIGOS JILVLES
¥ T 1HOIZIY¥IOW VNIWATY

6 I66T 9 AL ZS-9N3-60T-T€—-M IJVYINOD Z-WYT-W-TdVM
STVIY3LIVW JIWVYE3D d40 SES3L NOISO¥YOd WNIAGS 3JILViS
¥ 7 LHII3YOOW STINVYID

9 €961 934 08-44d 9%A J30S JIWVYEIT NVIIYIWV IO TYNMNOF
UYNIWNTVY G3SS3¥d-10H 40 ALISN3Q INIOd ONS3
H 3 SWH3IZ @ F AGNVTII3T] JKW VNIRATV

68 1961 330 ONIL3I3W NOISOUYOD TVIIW GINDIT I3V-VSVN
VN J0OZT 01 G3S0dX3 STiW 40 S3IL¥3d0¥d WNIAO0S NI NOSHVI 40 NOILVNIWY3L3d
4 ¥3dd3L M  ¥ITIILSAVH wniaos

819 % 1 €961 3INNAT IYNH3ION4
SOIWVY3D TVIINHIO3L NI SIN3IW3INVAQVY
d 4 NOS3IHLIVH UNIRATV

0 1961 ATAF €6-S1l%d O9A AL3JIJ0S JIWVY3ID HSILIug
WNIYOHL ONV WNINVIN 30 S33AI¥08viL3L 3JHLI 40 AQALS
H S3INOC € M NOSY3LiiVH S3q1¥08

6 9661 Lt2He~-19¢ce d (L)1 NOISDWI0D
NOISOYY0D IViIW GINBIT 43 STVINIWVANNL
a M ATINVW STIVIIW ITVNTV

1 2961 AVH 212-29 ¥l QSV
SUINSIHM VNIWNTIV 40 SISATVNV ANV HEIMOYO
g8 T NOSNIGOY M 4 MNIIGTHVA 1 O HONAT SYINSIHM

¢ 2961 AVW 2.2-29 ¥YiL 1SV asv
SYIANSIHM VYNIWNTV JO0 SISATIVNV GNV HIMOYO
g8 7 NOSNIGOY M o4 MN3IIATHVA 1L 3 HINAT UNIRAOTV

6 1961 1SN9NY %-29d T ON TA 3IOINIIDS NOISOUEDD
STV1I3K ANV LTVS N3LT0W AQ MNIOVLILV Of STIVIYILIVW SNOIYVA JO ALIAILSIS3Y
v N3GNAT STVIIW ITVATV

91281

iy291

91181

49281

68181

€8

8e28l

€981

2981

se2a

226



Hedl

heel

€961 130 60Gd 9+A 30S JIWVY3I NVII¥YIWV 40 T¥YNIAOP
UNIWRTV 30IX0 ¥3dd03 W3L1SAS 3HIL
ad 3 V ¥Y3ICVINVHI M S VUSIW UNIRATY

I96T 3NAF €% d T-T%¥TIZ2-VAN d¥03 A3Q ¥vITOON
WOAIHLIIT NI STIVLI3IW 40 ALITISGNTOS ANV NOILINTIOSSIG NO 1d3¥ SS3Y¥O0Ud
H ZE3WNI3LIS G NIMNHSANIW WNIHLIT

2961 LS-1S dd €€A 3IVIIYYONAH IJS GVIV WIHD VIOV
WAIA0S DJ2ITIVI3W NI N3ITOAXO 30 S3IIvL 40 NOILVNIWY3i3Q
S ZOJIMOSVYM Q0 ZJ3IM3ONVA £ INSM3ZINIW STIVLIIW IViV

19-0€-% S91292GY 3IINLIISNI ITI3LLIVE H6298ISEE0-9eVa 1d¥ TVNII
SOIWVY3D 4O S3IT1¥3d0¥d INVISISIY NI0HS TVWY3HL
£ 3 SN UNIWATY

96T °UVW 68281269)€edV LIOVIINOI ¥YICGND L= °*1d3¥ WIY¥3IEINTI ¥VI0S
STIVI3W A¥0LIVAI3Y 40 ONICGNOY NOIsSAd4dIg
IV 13 8°2°V S347TVILISH ACTIV WAISWAT0D

H96T°UVW 6818(262)ee4V LIVUHINOD ¥Y3IANN &L= °1d3¥ WIYIINI ¥VIOS
SAVI3W A¥OLIVEI3Y¥ 40 ONIGNOS NOISN4IIC
IV 13 ¢°03°V ¢347VIL3N ADTIV WNTVEINVL

€96T1¢TT 3NNF 9169 FOUd Z2H¥H6{LS91cE4V LJVIINOD Z 1d¥ 90¥d ¥vVND
STI03 IVi3W AYOLIVEd3Y ININIOP
3 V 34TIVILINW SACTIV WRISWNIOD

2961 11¥dV 66Td SHYA J30S SIIWVYID NVII¥YIWVY 40 NINCP
VNIWNTV 3ISNIC ¥0d4 SINDINHIIL INIHIL3 ANV ONIHSITOd
V ¥ 37va9NC G S QY03 3 ¥ SYINUTIAIW YNIWNV

2961 sHi-e%l 4 (Ild} 929¢-011
UYITINN GILINA LV SIILIAILOV 3IVEIW QINDIT 40 AYVHWAS
H ZI3WNIILS W I3INUOW SIVIIW ITVATV

1661 9ATINC 601-T€—M INOD Z-WYT-W-TdVM 8VT ¥3MOd JIWOLV STTIONM
STIVIU3ILVW DJIWVY3ID 40 SiS3t NOISOUNOI WAIGOS JItvis
¥ T 1HOI3¥IOKW S3IWVY3]

22181

He2al

98281

2e8l

18181

081871

%87

881

21e8

L1281

221



GG6T ATNE 299-2091d Z0TA AL3IIJ0S IVIIWIHI0W¥LDNZIZ 40 wNdnor

o
S1iW 1SNCJD 40

STIV3S JIWVYID 01 IVi3W 3¥NiVvY3IdW3IL HOIH 20 M3IIAIY
ITI 3INAVH JYNOWIVd Sivas

2961 6 934 $9%¥282aV VILISVY
AJAYNS J¥NLVAILIT V GWOD A3NOH JIWVYID ANV WVOd JIWVY3D
NOILIVIAV NVIIY3WV HI¥ON WVOd4 SIIWVY3D

€961 1d3S 9T1-Z1I%d SHA 30S JIWVIII NVII¥IWY 40 TVNINOP
ASTIV ONITVIS SSVYTO 177vg0Dd TI3MOIN NOYI 30 NOILVZI¥NguvI3g
¥ W SILION Sv3s

2961 Z2-06d ZA VIIT39¥3IN3IO0TI43L
STVLI3W GINDIT HLIM SIVI¥3ILVH NOILONYESNOD 40 NOILIVIY
I A NILIMIN SIVIIW ITVINTIV

€961 AVKW £€8-08 & VMITISY3IN3OId3:L
EiSIS3d NOISO¥Y0D *ALITIGVES INILIS3L ¥03 LINJ¥ID dW3IL HOIH
I A NILIMIN STIVI3IW ITVNTV

€961 0€ 13C 2162-2¢ 130434 HI3L 1dr
3 93C 002< 0L S3CIXO JIWVYHIZ 30 YIV NI NOISNVAXI TVYWY3IHL
H W 0I8dI3T H & NOST3IN VNIWATV

¢961 0¢ 130 i62-2¢ 1d0d43¥ HI3L dr
J 93C 00Z<Z 01 S3IAIXC JIWVY3] 30 YIV NI NOISNVAX3 TVWU3HL
H W GI0<I3T H §© NOSTI3IN VISINOVK

2961 0¢ L0200 2162-2¢ 1¥0d3Y¥ HI3L 1dlf
3 930 0022 0! S3AIX0 JIWVA3ID 40 ¥IV NI NOISNVAX3 TVWY3HL
H W G10dI37 H £ NOST3IN VIOV

2961 2-1%1 d (1id) 9¢29L-0Ql1

WNIGOS NI NIOAXO 40 NOILVYNIWY313Q ¥03 SIvSOdOY¥d GNV SCOHLI3IW SNILSIX3

9 % 21

T NVWMIN SIVI3IK 1TV

€961 1€ 9NV Z¥%66€(0091¢cedV (XI) %8L-L rO¥d aSV

133HS ACTIV WNIGWNTOD ¥04 SAOHI3W SANVW WNWIL4O 40 IN3IW40TI3IA3Q
03 ONV ¥NOW3IN 30 INOING I 3 7 V ¥3HIIW €9=-Q WNISWNI0D

6281

AN

21ian

c1281

01e81

s2i81

9214d1

L2181

L8281

2eig

228



X4 29617 1T ATMNF €ST JW3IW JIWG FLNLILSNI IVIYOWIW 3T7131ivE
JLIHAV YO N3LISONNL WNITVINVLI WNAN3IGYATIOW WNISWNATIO03 40 9NIGNOS OGNV ONIZvis

W ¥ SNVAJ 3 H 3311ivd WATVINV:

K4 2961 1T ANE €61 OWIW JIWG IINITIISNI WIYOWIW 3IT1731ivE
JEiTHVYO NILISONNL WNIVINVI WANICGIATIOW WNIGWNTIOD 40 INIGNCE OGNV 9NIZvys

W 34 SNVAZ 3 H 3311vd WAN3IASATIOW

8 Z96T°TIT ANE €ST OW3IK JIWG
JLTHJVYEO NILISONNL WATVINVE WANICGEATIOW WNIGWATI0D 40 ONIANOS OGNV SNIvvEsg

W ¥ SNVAI 3 H 23iivd WOTVINVL

e 296T*TT AN €91 OW3W ZINLTISNI IVIYOWIW 3771311VE JINWG
JLEHAVYO NILSONNL WNIVINVI WNN3GSATIOW WNISWNATIO0D ONIANCES SMIZVYS

W 34 SNVAI 3 H 3311vg WNIGRNTI0D

8 €961 330 965-26S5d SHA 530S JIWVYIT AVIIY3IWV IO TIYNINOT
SONIQONOS TVLI3W 01 SSVIZ 20 STIVINIWVANAL

W 34 HLVYING v ¢ NSvd SIV3S

A 2961 130 9¢6-L¥1QSV 9¢b—-2 {O¥d OvesiicolcedV
SYIONVHIXI LVIH LHOISMIHOIT 40 IN3WdOT3A3Q ONIYNIJIVINNVK OGNV NSIS3G

0 M ¥3WYvd WAISKNTIOD

1 0961 1dY¥ TVNIJ 8€0e-0U0--606-220~-11IVQ L3VYINDD Z21-6212 YV

SNOILVIIlddV diW3l HOIH ¥0d SNOILISO4dWOD JIWVY3I0 IViIIW 40 NOILVIOIILIS3IANI
I 0 ¥3HSId W N HMI¥VS SNOILlISOdWO3 13W¥33

ell €961 TI¥4V II 1¥V¥d 829-19 ¥i QaSV
STIVINILVW JIWVY3ID 30 ¥OIAVH3E 371iI1¥8 3IHLI 40 S3IANLS

W N HOI¥Vd UNIWNTY

19 i0 1961 330 L6~-26Gd ¥HA 30S JIWVYID NVIIY¥IWV 30 IYNENOT
J1TIHAVYEY JILATTOYAd 30 S3Iid3d0¥d

T S WNI8 ¢ SiddVd 31IHdVY9

i 1961 1d3dS $¥99¥-6S¥vd $HA 30S JIWVIII ¥IWVY 40 TVNINOr
W3l HOIH 1VEOITV INITIVLISAUIATIOL + IVISAYD JIONIS 40 S311¥3d0¥d Iv3Iiygedz g
G B AY3ONIM £ SIddvd UNIRG VY

$687

€581

6181

e1etl

0681

66281

281891

82181

10181

229



68

N4

N4

€961 100 88%-%8%d 9%A 3OS DJIWVYID Y3WV £
VITIAY39 Q3Y3INIS 30 AJOISOYUIIW NOYLI3TE3
3 ¥ Nvy VITFTIAY3S

€961 € ¥dV 9696620V VILISV
JIWVY3ID 0L TVLIIW ONINICP ¥0d4 QOHLI3IW V
g A NIMEvd SIv3s

€961 6Z dYVW 9268(169}eedV) 61€.62AV-2G0
AGQORLS NOILVATIVAS OGNV INIWAOT3AZQ dW3L HOIH S3AIS3IHAV JIWVYEID
3 H Y3IN¥NL 3  ¥3INJJOHS S 4 L1Livid SIAIS3HAVY JIWVY33

€661 AVW 8G6-2GTd 9EA 30S SIIWVYID NVITYIIWY NAENOPC
SIY3S IVLIIW JIWVYID 30 NOILVNIWVXZ JIHAVYIOTIVIINW
9 V SNONId siv3s

6661 028%-S~-SN NOILIVIAV V N 40 AIQ IV €12t-dV39
IVI3AW WATIGO0S 40 SISATVNY ¥04 SQOHLIIW 313371103
3 H INIYHE3d Wniaos

2961 TIddVv 00 NIVIION¥Od4 SE003 AIQ SL1INGOUd MIN
NOILIG3 OGNZ NOOSANVH 3IWoavy
IV 13 NVIV 09103d UYNIWOTY

1961 %1 1d3S €91-~091 d €€A NIOIS3T INIHIOVW

40022 0L 3DIAY3S ¥03 STIVIYILVYW ISVE-IN SAQTIV INIZVYE dWIL HOIH SNILD3T3S

T ¥ 3371SVv3d SADTTIV INIZVYd

LS6T%0E T1UdV 9Z2-9NI-S0YL-M LIVYINGS STI-L1S-d4D

WUN NI 30IX0O WNIG0S 40 NOILVNIWY3IE3C Y04 GOHLE3IW NOILVINILSIC
g ¥ Mvad SIVIIW IVilY

296T TT AINF €97 OW3IW JIWG JINLTESNI IVIEOWIW 3711311vE

J1IHAVYES NILSUNNL WNTVINVLE WNAN3ASATOW WNIiSWNTI03 J0 ONIGONDG OGNV ONIZvua

A4

W 8 SNVA3Z 3 H 3311Vvd JLIHAVYD

2961 TIT ATINC €61 OW3IW OJIWd ILNLILSNI TVINOW3IW 371311ive

J1IHAVYES NILSONNL WNTVINVL WAN3JTOATOW WNISWNT0D 40 ONIANCE ONV ONIZVdYe

W ¥ SNVA3 3 H 331ivd NILISONNL

60281

sedl

0%181

9871

68281

LLE87

FATA N

8828

958

sc8

230



8 K4 2961 990dde9 39 1d3¥ TYNIZ AIG i14v¥I3I3Vd4S JI¥Lid3713 N39S
SNOILVIILISIANI ONISNIAGNOD OGNV ONITIOE SIVI3K ITVXTV
H M SNY3% ¥ M INNOA M F T3IWW3S UNIRATV

68 1961 L-S% & 63L-CG=-N1-VSVN
NOIIVITIS3ANI Tvi3W QINBIT
¥ M I3WW3S SAVIIW ITVITIV

T 2661 230 c€e~62¢€ d (2T)S€ J30S IJIWVYEID NVIIY3IWV 40 TVYN¥NOT
S3IAIXC JIWVYID IdNd I0 IYNTIVE SSIUILS TVYWUIHL
9 ZL1YVMHIS UNIWOTV

T 2661 330 €€-62¢ d (Z1)SE 30S JIWVYID NVIIY3IWV £0 Nunor
S3CIXO JIWVYID 3UNd 40 JPATIVY SSIULS TWWYUIHIL
8 ZLIYVMHIS VISINOVNW

8 A 96T *0Z °9nv ILNLILISNI 3TT31EVE S0Z 1¥0d43Y¥ JINWG
STVLEIW AYOLIVHEI3Y NO SINIWNOYIANI ONILS3IL OGNV ONILVIYL 1V3H 40 133343
¥°H ‘NICO0 °°r°qa CHIMMAVW ¢°4°d4 SIQIWHIS SAOTIV RWOTIVINVE

A %961 °02°9NV JILNLTEISNI 37T13L1VvE G0C L¥0d43Y DJINWG
STVLI3W AUOLJVYH43Y NO SINIWNOYIANI ONILS31I ONV ONILIVI¥L iV3IH 40 1231443
°¥°H ®N3Q90 S°r°0 ‘HINMNAVW *°d4°d SEAQIWHIS SACTIV WARIGWNTI0D

0 €961 Ld3S Z2&-6thd G¥A 30S IJIWVYID NVII¥3IWV 30 TvNinor
FAINLINYLS NOILVIOTISIA II WNAGNAYOD 40 3¥NLIIdNY¥LIS 3oviens
d S88I9 ¥ NI3TdN3HIS UNIWAOTY

68 1961 934-21-69 4 692 0 Ni VSVYN
WVYO0¥d HJIY¥VY3SIY TVI3IW QINDI
T WNTEN3S0oY SIVIIW VIV

8 €961 230 %TLZ{T-0€}lV LJVYINDD 1d3¥ TVANNY
STVIIW WNIY¥LILA SHLIYVI 3¥UVY SIILSIY¥ILIVUVHI NOISOHY0D GNV TWIIWIHIOOY L2333
44VLIS LSNI DJINHI31ATTOQd ¥3VIISSN3Y S3CIX0 HLIYVI IY¥VY

& $G66T HOYUVW €6-9%1 diE€)ZE€EA 30S 3JIWVH3II ¥3WV 40 WNINOr
SIVI3IW GINBIT NI S3IAY0IOVY43Y 30 ALITIGVLS
T 3 g3y WNIg0S

902871

TATA N

s881

98871

c81d1

%8191

€Ttigl

80281

(A XA N

€81

231



68

L9

L9

1 0961 NVf 60T-€01 d 8%y-6G 1d3¥ HI3L IJQVM
STiW INITIVISAYD JITIVLILISWNON AUOLIVYS3Y¥ 40 AIAUNS AL¥I40Ud TWIINVHIINW
TV £3 3 77T NO¥OS G M A3TIWS VI¥OHL

LS6T AVW 622-5.T2d 9¢ A TWNINOL SNIGI3IM
SAOTIV ONIZVv¥8 diW3l HOIH 40 JINVISISIY NOILVAIXO GNV NOISOU¥0Dd Wnigos
TV 13 3 3 N3LLI3T W 9 ¥31HINVIS SADTIV 9NIZvye

€961 6T-LT ¥AV ONILII3IW ALIIO0S UVITONN NVITYIWVY tv GIINISIUd
STIVIY3LYW JIL0X3 40 ONINIOFP

W 9 ¥3LHONVS SADTIV ONIZVYS

4 €961 6T-LT ¥dV ONIL3IIW ALIIIO0S ¥VITONN NVIIWIWY 1LV G3IN3IS3IUd
STIVIYILIVW JI10X3 20 ININIGP

W 9 Y31HIOVIS YNIkOATV

N4 €9€1 6T-LT U4V INILI3IW AL3II0S AVITIAN NVIINIWV LV Q3 LIN3ISIUd
STIVI¥ILIVW J3110X3 40 ONINIOF

W O ¥3LHINVTS RATGWNT0D

2961 AlNf 9s-5¢ dd 2294~011
STIW ONINNVI IN3W3ITI3 303 NO 123443 INVIOOD VISW QINOGIT V NI SIILINNGWI
3 V SSOY H V ¥ T00d W A MNIVIJINIS WnisWwniod

966191 3INNF 8-NIST-TT--1V I2VYINOD 60ST-US-VVN
GOH13W 3CIW0OYE TALNE IHE AQ MUN GNV VYN NI 20 ONILIVNIWY313Q

W ¥3TI3AIHS 7T NYWY3ATIS STIVIIW ITVNTV
1961 0€ AON 9.08920V VIISY

STIVIYILV A¥OLOVYA3Y VELTIN J0 IN3IWJOTI3A3d

T 4 SLEVM 9 L d ¥3dIdVHS VNIWNTV
1961 0¢ AON 910892aV VIISVY

SIVIYILIVKW AX¥OLIOVYHA3Y V¥LIN 40 INIW40TI3A3G0

T ¥ SEEIVM @ L d ¥3d4VHS S3QISUVI

2961 28-69 4 (I 1d} 929¢ QIl 4¥03 3I¥YLIITI TVHEINIO
SNOIIVOILIS3IANI TVI3W CINDIT
M £ T3WW3S SIVIIW ITVNTV

9181

6871

%5281

£6281

25281

ey2aen

06281

€eg

€81

01281

232



8 8661 °1e 130 9Z-9IN3I=G0%.-M LIVYINOD 0216Z2-TNYO
IVIIW WAIHLEIT NI N3ISAXO 40 NOILVNIWY3L3Q

H Z13WNI3LS I H XvS WNIHLIT

8 2961 °ST AT 2182-{1-0€) Lv 1LJIVHINOD 8Z0G-INN
WOIGOS NI N3IOAXO ¥0d ¥313W SACGNNILNGD £0 INIWIDTIIA3C

H ZEIIWNIZFLS wniags

WNIAOS NI SIN3INIWVINOD 30 NOILVNIWY3i3Q TVINIWIYILX3

8 1961 °0¢ 9NV (€0€Z)T-0€ 1IDVUINDD -HS12-VAON

g NIMHSONIW H ZIIWNIZLS WNIAoS

8 I96T 1T AVW €0€Z2{(T-0€}lV L1IVHINGD 1d3¥ SSIUIOUd L1¥VNB S-%STZ2-VON
WNIGOS NI SINVUNIWVINGD 40 NOILVNIWY3L3Q IVINIWIYIIX3

H ZIJWNI3ILS WnIaos

8 1961 °T YVW €0cZlT1-0€)iV L1IVYINOD €-%G1Z VAN
TYL°W WAIA0S NI NIOAXO ¥0d GOHLIIW TVIILATUNY ALTAILISN3S HOIH IN3WdOTIIA3C

H Z13WNI3LS wnilaos

A4 €96T AON 91-G221 d ¢ ¥WISNI IDS AdY
STIWVY¥3D SNIGNOS NOISNd ¥0d INBINHIIL

J Z0vdv d d NI39VLiS VNIROQV

T HG6T AVW 02Z2-812d{Si¥A SQYVANVES ANV HOYVIS3IY STIVIUILVW

ES31 NDISSIUGWOD TVHLIIWVIA JHI A9 SITIWVY3D 3SN3CQ 20 SHIINIMLIS ITISN3L

L SC”:SVA V 7 LiI3SSI¥8 W ¥ S99IvUdS UNIWOV

T Y961 ATNE L2e-gle{l}lH%A 20S JIWVYID NVIIYIWV 30 TVYNINOr

3ZIS NIVYS ONV dW31 40 NOILINN4 V SV €021V 3SN3A F¥Nd 40 °d0¥d TVIINVHIIW

1 SOTISVA L © 1T3HJLIW W ¥ S99I¥dS VNIWATV

1 1961 230 829d %%A 30S JIWVYID NVIIYIWV 40 TYN3NnOr

STIW DIWVYI3 3INITIVISAYIATOL 40 SNINGOW 3IL1SVIZ NO 133443 ¥04 NOISSIUdX3

W ¥ S391IddS VNIWNTY

T €961 1I¥dV 66-861Td SHA 30S JIWVIID NVIIHIWV 30 TVNINOP

S3AIX0 A¥0LOVY43IY SNOUOd J0 OILVvY SNOSSIOLE SNINAOW UVIHS H04 SNOISSIUdX3

V T 3L113SSI¥E W ¥ SI9I¥YdS VNIRONTV

s0e81

6297

€6281

26291

16291

2icgn

L2187

69197

62187

SOT191

233



68

66T 6T AON TZTT OWIW-S-VVN NOIJVIAV NVIOIY3IWV HI¥ON
SN3WIJ33dS NOILVINSNI TVWYIHLI NO WNICOS N3L1I0W 40 133443
W NVINIdYVL STIVIY3ILIVW JIWVIII

66T 61 ADN TLIT OW3W-S-VVUN NOILVIAV NVIIY3IWV HIY¥ON
SN3IWIJ33IdS NOILVINSNI TTVWY3IHLE NO WNIGOS N3LI0OW 40 133453

W NVINIdYVL STIViIIW IIVAHTIV

0 €961 3INNF 2168{L99)eedV 111 3ISVHI 186-1 90¥d SAV
WVYI90Yd IN3WdOTIA3A INITI0OY TI0d ACTIV A¥O1dVYd43Y

£ ONOWAS WATVINVE

0 €961 3INNF Z2168t1L99)ecedV 111 3ISVHd L86-%L 90¥d SQV
WVAO0Yd INIWHOTISA3ICQ ONITI0Y TI0d4 ADTIV AMOLIVYd3d

£ AGNOWAS WAIGWNTCD

6661 130 8-L€6 d 0t SENIWNYISNI JIJIIN3IIIS 40 M3IA3N
SIIYL33TIIA 3W0S HEIM SVO WAIS3ID 40 ALITIGIIVAWOD 3¥NLVYEIdW3IE HOIH
S TI3¥H0I 4 YINOVM STIVIUILIVW JI¥L33731I0

0961 AVW 9Z80WIW ALIYOHINV ASUINI JIWOLV WOAONIN Q31INN
SAJVIENS ADTIV WNISSVIOd KRNIAOS NO SWIId IGIX0 NiHi 40 S3IIL1d3d0¥d 3IWOS
M ¥V HIIWS @ ONVTY3HINS AVN

2961 1¢ AV 8 NIO(TI-IT}1iV LINOJ 9869 dS VVN
VN NI ZH 40 NOILD313Q SNONNILINOD ¥0d4 3JIA3Q V
H THVYLS SIVI3IW ITVNTIV

€961 AVIW SWVT NOILVIINAWWOD 3LIVAIYNd
SUILUIANOD DJINOIWHIHEI ¥VITONN Y04 STIVIEIIVW JIWVHEID
3 ¥ NVMOD 4 S Q¥v0QOolLsS VNIWATV

€961 AVW SWVT NOILVIINMNWWOI JIVAYIYd
SUYILYIANGCI JINOIWYIHLE YVITONN U0 STIVINILIVW OIWVIE3D
3 ¥ NVMOD 4 S Q¥VQGOolLs S1v3s

1961 934 ¥-€6 4 0971-Q-Ni-=-VYSVN
WVY¥30dd HIYVISIY WNISIO-AINDIT
T H SN3A3LS WNIS3d

0e2an

62281

1€ig

0cig

6e2a

€929

T22497

95187

SH181

1e281

234



y 21

v 21

A

STIvi3W

STIVi3W

STIVLI3W

SIVLI3NW

STIVI3W

66T 0g NVFP
AdOLOVYE43Y NIVIY¥3] 30 IINVISISIY NOILIVAIXO
M © NOSTIM V @ XO21IM 3 1 71311

6561 0¢ Nvr
AdOLJVYd3y NIVEYID 40 JIONVLSIS3IY NOILvQaiIXO
M £ NOSTIM Vv @ X021IM 3 & 71311

6561 0¢ NVFP
A¥DLIVYEd3Y NIVEY3ID 40 3IONVESISIY NOIEVCIXO
M F NOSTIM V 9 XOJ3IM 3 1 Zi311

6561 O0¢ NvF
Ad0LIOVY43d NIVLIY3ID J0 3ONVISIS3I¥ NOILVAiIXo
M © NOSTIM VvV 8 XOJ17IM 3 L Zi3I1

6561 0¢ NVl
AYOL3IVYE43Y NIVLY3ID 40 IONVEISISIY NOILVOIXO
M © NBSTIM V 8 XOO1IM 3 1 71311

6961 Ot NVFP

SG81ST 8d SiO0
NV d0¥d HI3W
NILSONNL

6G8IST 9d SiO
NV d0¥d HI3W
WATYINVL

§¢81S1 €d S8
GNV dO0¥d HO3INW
WOAIWOYHD

66816t 84 Si0
GNV d0¥d HI3W
WNIWSO

6G81ST 8d Si0
GNV d40¥d HI3IW
WAINIHY

&S31ST 84 SiO

STIVEIW OVYd3Y NIVIY3D JO 3ONVISIS3IY NOILVQIXO ANV S3Ii¥3d40¥d TYIINVHIINW

10

M I NOSTIM V § XO21IM 3 & 71311

WNISWNT0D

€961 T 3INNF 01€80%AV VILISY
SACTIV WNISWNTOD G31V03 ¥0d4 AGALS N3IS3dA
WAISKWNTIOD LYI87

334VLS 3901Y¥GT00M OWVY NOSJWOHL

€961 12 NVF 1IH€962aVv VIiISV J38600-29 MON

NG 1d3¥ VNI

SACTIV WNISWNTOD G3Ev0D ¥04 AQALS vivad N9Is3a

3SCIYGT00M OWVYE NOSIWOHL

€961 9¢ € 2 ON T M3IA3Y

SACTIV WNISWNTIOD

ASY3N3 DJIWOLYV

J 93C€ 0001 0L 006 LV S73Nd TVIIW-CQINBIT 40 INSWNIVINOD 3HL
STVI3W IVNTIV 61287

f 9 Y3WVHL

19 1T 130 G28d ¥%A J0S JIWVIIT ¥IWV 40 TYN¥Nor
dW31l HOIH 1V 34I9¥VI WNINVLIIL JO0 ALIAILIDNGNOD TTVRYIHE

3 ¥ ¥OTAVE

€981

2981

1987

0%81

6e81

8¢€81

18871

3QI98VI WRINVEIL 20187

235



S 6861 AVW 09-v92d (G)2HA SIVM
diW3i S0 NOILIONNd SV STIVIY3LIVW ANCLOVYEdIY SACIYVA 40 SNNA0W SONNOA

V @ NIVT @ ¢ NVWLIHIOVM ASNY 4981
g 6961 AVW 09-%62d (SiZH¥A SIVP
diW31 40 NOILONNZ SV SAVIYILIVW A¥YOLOVYI3¥ SAOIUVA 40 SNINAOW SSNACA

V G NIVT 8 T NVWLHOVM FUYIHddAVS 99a1
9 6G6T AV C9-%s2d (SIZHA SIVSP
dW3l 40 NOIIONNd SV STIVIVILVH Ad0LIVYd3Y SNOIUVA 30 SATNACK SINNOA

V @ NIVT @ € NVWIHDVM UNIWOTY s9481
L 4 L5671 AON 68-22¢dl{TI130%A J0S ¥3J ¥3WV 40 TTvNynor
II SOVESAMD “IONIS 3QIXO-DIWVY3D 20 NOILVWYO43Q DILSVid

H T “134XVR g8 £ NYWIHOVM IVIHAAVS 981

€661 AON 6€-9€ 4 T1 SIINOITIONN
dW3i HOIH LV SLi7VS 43SNd STIVIIW GIADIT ¥0d S1S3i NOISOWS0D

IV 12 7 3 NYWLEI0H 3 G GNVI33UA SAVIIW T1IVHIV  Led81
Y €961 130 96-c6¥%d 9%A I30S JIWVIID NVIIVIWV 4O TVNEAOT
VIS3INOVW ANV UNIWATV ¥0d S3UNLINULISOYIIW OGNV SWSINVHIIW ONIY3IINIS IAUNSSI¥d
W ¥ SO99I¥dS 1 SOTISVA VNIWAIVY 027871
Y €961 130 96—~¢cé6Hd %A 30S JIWVUEIZ NVIIHIWY 40 IvNINOP
VIS3INOVW GNV VNIWATIV ¥0d S3YNLIINYLSOYIIW OGNV SWSINVHO3W INIYIINIS IUNSSIAUd
W ¥ SOJI¥dS Lt SOTISVA YISINOYW T2187
4 €961 TI¥dV %-081d 9%A 230S JIWVIIJ NVII¥3IRKV 40 TUYNdNGE
JAIX0 WNITTIAY3E INITIVESAUIATIOL 40 d3IIYI 3AISSIUIHOD
T M JU0WEVE ¥ ¥ LYOOAYIANVA VITIAY3IE LTI81
8 €g6T ST 3INNC SN3 IONVT S8V HIIHOTIND TeT-N1{3})8ay¥
WNIHLITIT 40 NOILIVAIXO 3JHL
g d NOQONGT J MOVZAL HWAIHLIT ©%29l
8 9 % ¢1 6561 0¢ NVE 68161 d9d SI10

STIVIEW A¥OLIOVYZI3IA NIVLY3ID 40 3IOINVLESIS3Y NOILVAIXO ONV d0¥4 HIIW
M £ NOSTIM VvV 9 XOD2TIM 3 1 71311 WNIGVNVA 79871

236



L9 1

STT=0 IYNHIOUG WNNILVId GNV CI0S NUIIS3IM

S3IWVY¥3TZ VYNIWATY
344V1iS 09S3M VNIWNIV

€961 G1 ATAPQ 0€HZ-THIN 9V NOILVIGVY JIONIYMVT
038 40 SIOILSTIYIIOVYEVHD JYNLIJVYd SSIUIS TVYWUIHL
4 3 3NITO W M STI3M VITIAY3E

8 €961 LG98(1691¢€edV 1d43¥ TVYNIZ ESNI HIOYVISIY iSIMHINGS
SW3LSAS WNIHLIT QINDIT GNV WNIAIGNY GINDIT NO Si33343 NOTIVNIWVINGD
IV 13 M ¥ NOLISNHOFf QG M QuOS¥3IHIVIM WAIHLET

Z ¢961 130 98--6i%d SHA I20S SJIWVYID NVII¥IWV 30 TUNUNOP
30IX0 WANIWATVY INITIVISAYIATOL 40 ¥OIAVHIG NOILVwWEO33Q

68
9 [
NOILV3IITddVv JV3ITONN
9
dhWzi 40 NOILONNZ
9
dW3l 40 NOILONNd
2
dW31l 40 NOILONNS
9

dW31l JO0 NOI1ONNd

H 3 NOLIYON I S MVHSYWVM YNIWNTV

€961 AON 6-16d 8SA S¥ON3I NSIS3C NI SIVINIIVH
STVLIIW GINDIT AS NOISOWNOD INIINIAING
J WIIHTTIVM STVI3IW ITVATY

296T AVW T AJ¥ IA JUNHIOYE TVIINHI3IL ONVHI HVM
IVENLONYLS ¥0d SAGTIIV 3ISVE WARIVINVE OGNV WNISWNT0D
d4V1IS ONVH3 HVM SACTIV WNISWATOD

6561 AVW 09-%S2d {GiZ%AR SOVP
SV STIVIUILVW A¥OLIVEIIY SACIY¥YVA 20 SNTNGOW SINMBA
V O NIVT 8@ £ NVWLHOVM 30Ig¥V3 NOJITES

6S6T AVW 09=%G2d {G)CHYA SIVF
SV STIVIYILVW A¥OL3VI43Y SACIYVA 40 SATNGOW SONNDA
V @ NIVT 8 F NVWEHOVM VINOJYIZ

6561 AVW 09-%62d {(SiZHA SIVF
SV STIVIYIiVW A¥OLIVYEI3IY SACIUVA 40 SATINGOW SONNOA
V G NIVT @ ¢ NVWIHOVM VIYOHL

6661 AVH 09-9%G2d (S)ZHA SIVP
SV STAVIYILVW A¥O0LIVYIIY SNOINVA 30 SATNGOW SONNOA
V G NIVT @ I NVYWIHOVM VISINOVH

€L181

12281

82291

1187

€128l

#9187

1281

0191

6981

894g1

237



Y 2961 NVI Z216gl MSVL %8%i(9191c€ 1IVYINGD Z266-19 ¥i GSY
N3LISANNL GNV WNISKWNTO3 40 SNIZVYE ¥03 SWILSAS ACTTY

d M 9NNOBA

SADTIV ONIZvyg

N4 2961 NVI ZTGelNSVL {9T19})ece 1IJVUHINGD 256-1I9 di 4SSV
N3LISIONMRL ONV WNISWNT0D 40 ONIZVY¥E ¥0d SW3LISAS AGIIV

¥ K INNOA

NIISONNL

2t 1661 2330 -8-%ltd ZTON »€A J0S ¥3D ¥3WV 40 TvyN¥nor
S3ITUY0LIVYI3IY 3CGIXO0 IUNd 3SN3IQA 40 S3IILYI40Yd MOT3 ANV DJILSVI3

3 F IN39AM

VI¥OHE

2961 6-821d 1 1d 9¢29.-0IL 8V TVNOILVN 3ISQAIY NVO
WNISSV1IOd NI N3IJAXO 40 NOILVNIWY31L3Q

3§ JLIHM

WwAIssviod

8661°S TIY¥dV 9Z-9NI-GOVi-M LIVYINOD 1€-%-95-d33
GOHiIW NOILVITILSIA A8 MVYN GNV WNIGOS NI N3IOAXO 40 NOILVYNIW¥3L3G

3 F 3LETHM

STIVIIW ITVNTV

1961 330 I 1¥vd 92924-401l
¥ NI N3IJAXO 40 NOILVNIWYH3ILI3G INY0 LV WVYI0¥d TVOIEATVNY TVEIW ITVIIV

3 J1IHM

SIVisW ITvNv

9 % 21 €961 INAC Te80T(Ls9)eedV YIANN 28660H38V VILISY
SADTTIVY WNIGWNTIOD ONITIOY 3I4dVHS ¥04 SIUNGA330¥Ud =20 INIWGDIZA3QC

¥ 4 S3LY03 M 9 JLIHM

SACTIV HNIGRNTO0D

1 96T ATNC 1d3¥ TVIINHI3IL ISNOHINILSIM
%961 ATNF-AVW QOIY3d T3IAIC YOLIVY3INIS ¥NdS

43ViS sSv3s

9 T #961°83d SEVT UVITIIANOYLSY ISNOCHONILES3IM VIivad A3HSITENINN

AGTIV T1i-1 WNTVINVE 30 NOISNVAX3 TVWY3HL GNV SOATAC0OW JILSvi3

d4VLS INV 3ISNOHONILISIM

TIT=-t ACTTV WOATVINVE

19 21 €961 HOY¥VW VIVG TVIINHI3L GWW ISNOHINILS3M
ACQTIV 3SVE WNIVINVL TT1-i

34VLIS NOISIAIQ ONIBNLIOVANNYW SIVIU3LIVYW ISNOHONILS3M

TT1-1 WATVINVY

€587

1687

921181

92281

A XA N

80¢c91

684971

etea

98191

918

238



C961 NVF 18 d CIGel MNSVI #8H2{(919)¢cE 1IVUINDOD 265-29 ULl ASY
N3ISONAL OGNV WNISWNTIO3 20 9ONIZVY¥8 ¥03 SW3LISAS AOT1vV

34 M SNNOA WRigWNI0D

%281

239



68

68

68

1961 934 2169 & 692 8 NI YSV¥N
WVEO0dd HIY¥VIS3¥ WLIW GINDIT
T WATIENISOY STVIIKN ITVHIV

0961 29-667 6/9 ON 9 JIJGY3INI VNY3QVFr QILYISNVYL S99-¥i-dN
STIVIIW QINBIT A8 STIVIYILVW TVUNLINYLS INIGOYN0D 40 SW3I180¥d

V VYOAQ SIVIIW ITIVHTV
1961 934 Ie—-42 d4 694 G N1 VSVN
HO¥VIS3Y NOISCYU0I TVI3W aINbI
Fo3 AT3M STVI3W ITVNIV

0961 INNC T6€d TINYOD
STIVI3IW QINBIT NI S13W¥3D GNV S3IWVY3DZ SNOIYYA 40 3INVEISIS3Y NOISOUY¥0D
H M 00D STVI3IW ITVNIV

0G6T ATING LTI%y TINV GV TVYNOILVN 3INNOOYV
STV Zw AINDIT AQ MNIVIIV O& STVIY3iVW 40 3ONViISIS3IH
T d4 33I09VA 0 M NOSNINTIIM ¥ 7 NYWI3N STIVIIW IIVHIV

SS6T°T ATINT NOILIG3 AYIHL SJIHSNS GNV 23V
INIWITIANS HVYN WNICGOS NOOSANVH STVIIW QINGIT
W 13 9 3 NOSMovP SAVIIW IV

2961 130 S008(2591cedV 1d3¥ LYVND a¥e H2£9820V GSV
YALUYIANGD DINOIWYIHL 300¥LI3IT3 AUWVITIXNV 40 IN3IWJO0TI3A3C
r & AGVY¥O0 9 4 %3079 WNIS3D TVi3IW IIviaY

2961 ATINE S008(259)eedV 1d43¥ LIVND GNZ 0961426V ASY
d3LUIANOD JINOIWY3IHL 300¥12373 A¥VINIXAY NV 40 IN3IW4DTI3A3Q0
£ ¢ AQVYO0 9 4 Mo079 WAIS3J VISW ITVXNTV

2961 €2 AON €td 6122SWVT 8V JIZIINIIIS SORWIV SO
SIVI3W CGINDIT AS NOISOUY0D NO AHAYYUNIISIg
£ N313H MIIHD SIVIIW ITWNTV

CI96T AVW 691 1¥0d43¥ 31Wa
dW3l HOIH 1V STVI3W IN3WNIVINGD NO STIVIIW ITUMNIV N3ILI0OW 20 133443
d W NVILIVWY SIVIIW ITTVXTV

80241

10287

€029

6%187

897

€891

2881

6281

5§28

0e8

240



68

€961 2Z-02 AVHW WNISOdWAS NOISOUW03 33V TVANNV HIZI
SWILISAS TVI3W AYOLIVYIIY NIOAXO -WNISSVIOd NI ONINOILIiI¥YVd N3ISAXO
4 F ONVI3EISIQ Jd V NVWLIIT CIIIW [TVRTIV

9661 1Zd%e-i9¢¢ d (2321 NOISOM¥IOD
NOISO¥Y0D VI3W QINDIT 40 STIVIN3IWVAONNS
G M ATINVW STIVIIW ITVNTV

€561 AON 6£-9¢ 4 It SJING3ITIONN
diW31l HOIH 1V SL7VS G3SNd STiVISW CINDIT ¥0d4 SiS31 NOISOUN0D
IV 13 3 3 NVRASOH 3 @ GNVII3YA STIVLIW IIVATV

1961 1SNSNV $-294 T ON TA JONII3S NOISOWYDD
STViI3W OGNV 17IVS NILITIOW AQ MIVILIV 01 SIVI¥IIVW SNOIYVA 30 ALIATISIS3IY
Vv N3GNNT STIVLIIW ITvNTY

1961 £-S% d4 692-0-NiI-YSVN
NOILYOTISIANI TVIEI3W QINDIT
4 M TI3HW3S SIVEIR ITVNTV

%661 61 AON T.ZT1T OW3W-S-VVN NOILVIAV NVIIY3IWY HI¥ON
SN3WIJ3dS NOILVIASNI TVWUYIHL NO WNIJ30S N3ILI0W 30 £33343
W NVINIJdYVL STIViIIW ITVIIV

€961 9¢ € & ON T M3IIA3Y A9¥3NT JIWOLV
3 930 GO0T O1L 00¢ L1V STI3N4 IVI3IW-GINDIT 40 INIWNIVINOD 3H1L
f g ¥3WVHL STIVIIW ITTVRTV

2961 Z2-06d ZA ¥RIT39UY3INIDI43L
SIVI3W QINCIT HIIM SIVIY3ILVW NOILINYISNOD 30 NOILOVIY
I A NILIMIN STIVIIW 1TV

€961 AON 6-16d 8GA 9YON3 NIIS3Q NI STIVIYIIVW
STVLEIW GINOIT AS NOISO¥Y0D INILINIAIYL
2 WTIHTIYM SIVIIW IIVINIV

2961 98-69 d (1 Ld] 9291 QIi d¥0D JI¥LI3IT3 TVY3INI9
SNOILVOILS3ANI TViIW QINBIT
M £ TI3WW3S STIVIIW ITVHTV

rAZA N

8€28%

IAYA N

seds8

2eegd

62281

6128~

$1281

€128

01287

241



68

€961 ¥dV ZT-SVYN INDD & ON 1d3¥ SS3U90¥d ATYIIUVND 9ISTT-ZIN
STVEIW ITVNIV GINDIT NI N3IJAX0O ¥0d SACHL3W IWIILATYNY NO HI¥VIS3Y
O NNVWHI3IIY H JNIHOLYIM SIVE3IW IVAHiV

2961 ST NVI ¥ DN 1d3¥ LdVRD ZT-=uSVN ¥INDD $1221-29N VSVN
STVIIW TIVNTIV GINDIT NI N39AX0O ¥Od4 SACHLIIW WIILATVYNY NO HI¥VIS3IY
9 NNVWHI3IY H MNIHOLYIMN STVIIW ITVNTV

1961 130 € ON 1d3¥ LY¥VND ZT-USVYN EINGD T960T1-VSVN
SIVLIW ITUVNIV QINDIT NI N3IOAXO ¥04 SCOHLI3W TVIILATYNY NO HI¥V3SIY
3 NNVWHIIIY H MIHOJEYIM STVEIW IVITIV

1961 TI¥dV 1 ON Ld3¥ LYVND ZT-¥SVYN INOD 001-19-WQ 6TETT-Z9N VSVN
SIVIIW ITIVNTV AINDIT NI N3OAXO ¥0Z SAOHLIW TVIILATVNY NO HOUVISIY
9 NNVWHI3IY H MIHOLWIM STViIIW ITVAIV

8G6T YVW OTT-VI/WV—-09I A9¥INI 2IWCGLVY WOOGONIM G3LINN
AQTIV WNISSVIOd WNIGOS ANV TVi3W WNIA0S dJC SISATVYNY
NONV SAVLIIW ITVMNY

9661°S TIY¥4V 9Z-9NI-GO0¥%L-M LIVHUINOD TE€~H-96-d40
GOHLIW NOIAVITILISIA A9 MVN OGNV WNAIAOS NI NISAXO 30 NOTLVNIWY313Q
J F 3LIHM SAVI3W I7VAY

2961 1€ AVW 8 N3IO{T-T1I}iV INDOD 9869 ¥S VVN
VN NI ZH 40 NOILJ3130 SNONNILNOZ ¥0d 32IA3Q V
H THYYLS STVIIW ITVATV

66581 YG-T1cdd TEA WIH3 YNV
GOHL3IW NOILNTIC 3d0L0SI AQ STIVIIW ITVIIV NI NIOOCHOAAH 20 NOIIVUNIWY3IL3Q
ag 11o0” SIVIi3IW TIUYNIVY

8661 °%0€ J3C 2049982 IN3LVd S N
STIVLIIW ITYNTIV QINDIT WO¥d SITLIUNGWI G3IATGSSIC 40 NOTBVNIWITI
TS SY3LIVM 4 3 Sitnlive STIVIIW ITVITV

8G6T TI¥AV 29T-T19T dd S5A SAHd TIddvV © LIdsg
S3ITdWVYS QINDIT NI ¥3Hi330LF INISI¥d NIHM $ZVN INIRIWYIL30 ¥O3 AOHIIW V
d W JNONS3 STIVIIW IVNIY

€828

28281

18287

0828

€lz9

2Legn

12e8q

0L281

69281

19281

Py

.32



0961 9NV %6-¢8¢ dd 10T ¥ Id SUINI 3373 ISNI J0%d
WNIGOS 40 INJINGD 30IXO 3iVIIANI Ot YOLINOW ALIAILISIS3IYM
4 T 3Mvig STIVIIW IIVMTY

0961 NVFf 9¢€-0€ dd 8 A 9¥3INI VAVNWOLY
TOYINGD INIINOD 3JCIXC 40 SOOHI3IW GNV S3CIXO WOYd WNIGOS 40 NOILVOIdiNnd
IV L3 V 4 ABTZ0ON 7 d AQTTIYIYN SIVIIW I1IVNTY

6661 OLT-89T dd 8 A HIIL-WANMNVA
VN GNV 3 40 NOILVIIdiund 3Hi
3 3ZNNM SIVIIW ITVNTV

9661 OT ON »T A STINOITONN
SW3LESAS YIJSNVYL IV3IH WNIG0S NI NISAXO TOYINGD 0L AVM 3AISNIIXINI

IV 13 7 1 AvHe STViIdW ITVXIY

9561°9T 3INAPL 8-NIVT-TI-LV LIOVYINDT 60SI-¥S-VVN
QOHi3W 3CIWO¥8 TALNS IHE A9 NVYN GNV VYN NI 20 SNILYNIWM313Q
W ¥3T30IHS 7 NVWY3IAIIS STIVEIW ITIVNTIY

LG6T°0€ TI¥dV 92-9NI~G0%L-M LDVHINOD GTTi-216-42
AVN NI 3CQIXO WNIGO0S JO NOILVNIWYILIIQ ¥Od4 OOHLI3IW NDILVITILSIG
a ¥ XMv3id STIViIW ITVMNIV

€961 Z--1%1 4 (iid) 9291-Qail
WNIG0S NI N3IOAXO 40 NOILVNIWYIL3Q ¥0Zd SIVSOdO¥d OGNV SOOHIIW ONILISIX3
T NYWM3N STIVI3W ITVAIY

€961 LS-1S dd €€A IVIIYVINAH I2S AVIV WIHD VidV
WNIAOS JINIVIIW NI NIYAXO 40 S3IVYL 40 NOILVNIWN3LI3O
S ZJIMOSYM Q ZJIM3ONVQ £ IMSM3IZONIW STIVAIIW ITIVATIV

0%-0€T dd (I1d) 929:-GIL Jd¥0D 2I¥E33713 TVY3IN3O
AVI3W ITVXIV NI N3ISAXO 30 SISATUYNV IHE NI SIN3WLOTI3IA3Q
IV 13 H NIHINMEM SIVI3W ITVNIV

2961 120 ZT-¥S-VN INGD &L ON 1d3¥ ATYILYVNAD 6%S0T-CON VYSYN
STVLIIW ITVXHIV GINDIT NI N3I9AXO ¥0d SAOHIIW WOILIATIYNY NO HOUVISIY
9 NNVWHIIIY W MIHJLYIM CTVEIW ITVNV

20eg

10€91

00e8

86287

06287

882871

IR YA N

98291

68281

8287

5 )
e e s v - e i ———

243



8

8

Lse1 933 s%~Z%{(2l¢ ALIIJO0S DJIWVHE3ITZ NVIILYIWV TVNHAOP
ASY3INT JIWVYID TVIIW S0 LINIWIYNSVIW FLINTOSAV AT SNOILIVYIAINI DJIWVY3ID TVidW
J M AYIONIM VYNIWNTV

€961 330 60-e0%(21)9¢ ALIIIOS JIWVYEID NVIIHdIWV TUNENOT
dW3i A3T3 LV NOILOV3Y¥ JOVIN3INI 3CQIX0 TVI3W II SNOILJVY3INI JIWVH3D TVIINWN
g M AYIONIM VNIROTY

2961 TIddV 661d GHA 30S SOIWVIII NVIIWIWV 40 NINGPH
VNIWNTIY 3SN3C ¥02 S3INDINH33IL SNIH3L3 GNV ONIHSITOd
Vv ¥ 37vAONG G S QY04 3 ¥ SHUINIIATW VNIWNIY

1961 YVW SH%Td $%A 30S STIWVHID NVIIY¥IWY NANOE
AGNLS CIHAVYI0TIVLIIW ¥Od SOIWVY3D VNIWATIVY HOIH 40 ONIHSIT06 431713
¥3i13d SIAITIONV VNIRNY

656T AON LE€0C-Y¥-—-IY3IV GVIS3I HIYVISIY ,O¥Y3INI DJIWOLY
LINJYID WNIGOS d¥Hi-I0H NI N39AXO 40 ONIYOLINGW ¥0d GOHEI3W 7733 JINVATIVO
M 9 A3TISHOH SITVIIV aINdI

2961 sHi-eHl d (Ild} 929i-QAl1
YVITONN G31INN LV S3ITLIATILIOV STWI3W GINDIT 40 AYVKRKNS
H Z13WNI3LIS W IIIOW STIVIIW VAV

0 €961 AVW £8-=08 G VMNITIGY3INIOI43L
STIW LSNOJ 40 LSIS3Y¥ NOISOYUYWOD SALITIGVIS ONILS3E ¥0d LINDJYID dW3Il HIIH
I A NILININ STIVLISW ITIVATYV

1961 030 ' 1¥Vd 929L-CQI1L
N NI NIOAXO 30 NOILIVNIWY3ILI3IA INY0D 1V WVYO0¥d TVIILATYNY TTVAE3R ITVNIV
J ¢ 3LIHM STIViI3IW ITviTY

i961 °®9 330 2€¢9°%€88 1IN3Lvd HSILIYE
IVISW ITVMTV 40 IN3IINOJ 3CQIX0 TVISW ONINIWY3E3CQ SNLVYVddV NI SIN3IWIAOUIWI
V L10JAV¥G @ M TIVH STAVIIW ITVAETIV

1961 %2 9NV 216°€i8 INILVd HSILIdg
TVLI3W QINDIT 40 IN3LINOD 30IX0 Ivi3W ONILVIIAGNI ¥0d4 SNivyvddyv
d 1 3IAVIE STIVIIW ITVIIV

9181
Sig1
881
AN
2928t
2ieg?
o1es8
80€81
$0c81

€0eql

244



L9

B561 AON 2689070V HiZ-8% ¥1 JQVM
SIT1¥3d0¥d TWHYIHL 40 SINIWIYASYIW

v 13 2 f 39G3H 9 I 3ISNOHGT3IJ

VNIRATV

2561 230 ce~-cle d {2T1)16e 20S JIWVYID NVII¥3IWV 40 IvyNuNOor

SICIXO DJIWVY3D 3d¥Nd 40 I¥NTIVI SSIULES TIVWUIHL

8 ZiYVMHOS

2961 21 HOUWVW I
SUILY3SANCD JINOIWY
M 0 NOSNIA3T

VNIV

8H%€.20Y NOILIVANAOD HIOWYISIY dNOWNY
3HL NI SW3780dd ¥OLVINSNI ONv 1Iv3S

£02TV VNINAIV

2961 TIYdv 03 NIV32¥0d SY0O03 AIQ Si3NG0¥d M3IN
NOI1IG3 ONZ YMOO9aNVH 3IW0OVvY

TV 13 NVIV 001G3d

VNIRNVY

6961 AVW 09=%52d (S)IZ%A SIOVP
diW3l 40 NOILONND SV STIVIUILIVW A¥0LOVY43¥ SNOIY¥VA 40 SATINADA SONNDA

VYV Q NIVT @ © NVWLIHOWVM

YNIWOTV

€961 AVW Z2.¢2-29 ¥iL iSV asy
SYINSTIHM VYNIWNTV 30 SISATYNV ANV HIMOW9

8 7 NOSNISOY M 4 MIIGTHYA L 3 HINAT

UNIRATY

1961 ATINT Z8T-TIFUL ASV HYLN 40 AINN 2€89/919/¢€dV 1d¥ aSV
STVIWILVUVW DJIWVY3D NO SL33343 TVINIWNOWIANI aNV 33v2uns

TV 13 M 3 dWVHONVY3IE 9 g MIIa S 9 ¥IaMve

VNIWATV

T96€T 0€ AON 920892GV VILISV
STVIY3LVW AdOLIOVYHI3Y VHLTIN 20 INIWS0TIIA3C

T ¥ SLIVM @ 1 d ¥344VHS

UYNIKNTY

19-0¢c-% ¢912920V JLINLTISNI 371T3ilve $62S98IS6E0-9EVE Ld¥ TUNIJ

SOIWVYEID 40 SIILU3Id0¥d INVESISIY HIOHS IVWUSHL

f 3 STTINW

M O XO4

VNIWATY

2961°8 AON €19 WL TINYO
SOIWVY3I3 40 ONIZVYE 1¥0d43¥ SS3IY20Ud

UNIHATY

%5687

$8491

8181

L1871

a987

2981

9¢87

eecd

FAS N

1281

245



8 €961 L3I0 609d 9%A 30S JIWVe3D NYIDIEIWV 20 TUYNYNOT
UNIWATV 3QIX0 434400 W3LSAS 3HL
G 3 V Y¥3IAVINVHI M S VYSIW VN IRV

K4 €961 100 96-¢6%d 9%A 20S DJIWVHITD NVITUIWV 40 TVYNUNOF
VISINOVW OGNV UYNIWATV Y04 SIUNLIINYLSOUIIW OGNV SWSINVHIIW ON.Y¥3INIS 3¥NSSIYd
W ¥ SO91I¥dS 1 SOTISVA YNIWNV

4 €961 AINE ¥5-£Ged 9HA J0S JIWVYID NYIIY¥YIWV 20 IvNenor
JAIXC WANIWNTVY 3INITIViSAY3AI0d 30 43330
W 13 T ¥ 37802 VNIRNIV

9 €961 934 08-L1d 9%A 30S SIWVY¥3ID NYII¥IWY 40 TIYNNAOP
VNIWNTY G3SS3U4-L0H 40 ALISNICG INIDd QNI
H 3 SWH3Z G © GNVTIZT0 OW UYNIRNTYV

Z €961 130 98-64i%d SH%A 30S IJIWVYID WVII¥IWV 40 IYNUNGE
JAIXO WANIWATY 3INITIVISAY¥IATOL 40 YCIAVHIE NOILVWY043Q
H 4 NOI¥ON I S MVHS“.VH VNIRNTY

0 €961 1d3S Z26-6tvd SYA D205 DJIWVYIT NVIINU3IWY 40 TYNINOP
F¥ALINYLS NOILVI0ISIA II WNANMYOD 40 IUNLINYLS IIVvAENS
d SE89IO0 ¥ NI3TdN3IHIS UYNIWODTY

g €961 INNT 9~50€d G¥A D20S JIWVY3D NVIINIWV 40 IyN¥nor
3 93C O O 002~ 1V S vIi¥3lviW 40 NOISNVIX3 TivWE3Hi
W MdNng YNIWNTVY

1 C96T TIY¥dV 66-86Td SHA 20S JIWVYE3ID NVIIU3WY 40 TvNdEnor
SIAIXO A¥OLJv¥dd¥ SNOY0d 40 OILvY SNOSSIGd SNTINA0W ¥Y3IHS ¥04 SNOISS3IudX3
V 7 3113SSIYE W ¥ S991¥dS VNIWAQTY

8 K4 96T ¥VW LZ-€2Td SYA D20S JIWVYII ¥3IWV 40 TvNdnor
SIUIHLSOWLIY 30 133343 VNIWATVY INIYIINIS
T 4 371803 UYNIWRTY

¢ 1961 1d3S %9%-65%d H%A I0S DIWVHIT ¥IWV 40 TYN¥NOL
dW3l HOIH LVEQCTV INITIVLISAYIATIOL + IVISAYUD FITONIS 40 SIIL¥3d0¥d W2IYldzss
G M A¥3ISNIM r SIddvd VNIWATV

rAAR N

02181

61181

11871

e11g

LOT8

co1g

01971

i0te

246



L9

L9

H

96T 2V A3Y¥ Tu00 133IHS ViIV3 S¥WOBO

SOIWVE33 S¥003
3dviS GO NIVI3IONOd S¥003 UYNINATV

doy--¥ NIL3TINQ 03 FEYVMINOLIS S N AIC 3LITV
VYNIWNTIV HOTH 3LITV
44VLiS 311V YNIWOTV

$961T ATNC LZ2e-e2c(i}LiyA 30S JIWVYEID NVIIY3IWV 40 vNdnor

I7IS NIVYS QGNV dW3L 40 NOILIONAd Vv SV €021V 3ISN3ICG I¥nd 40 *d40¥d TVIINYHIIW

L9

1

L SOTISVA Lt £ TI3H3LIW W ¥ SO9Id¥dS UYNIROTY
1961 SUIHSIIENd IONIINSUIINE

SOIWVH3D ONIWI3INIONI 40 S3ITLY3d0¥E TVIiNVHIINW

ITT H ¥NOWIVd M M 133318M VYNIRNTV

7961 22 TI1ddV 03 NIVI3Jd¥0d S¥002

GOHI3W DJINOS G3A0YdWI NV A9 O 0021 01 039 OGNV €021V 40 I7NnacW J21iSviz

371 vHI3¥Y¥Y3d GNV G G S931Ivd UNIWNY

gg6tT 3INNC 16€Z INYO

SIVI3W CGINDIT NI SLE3WY3D GNV SOTWVY3D SAOCIYVA 40 ITNVISISIY NOISOUHOD

1
STIW JIWVY3D

H M 300D UNIWOTV

€96T AVW SWVT NOIRVIINNWWOD ILIVAINd
SYILYIANOD DINSIWYIHL ¥VITONN Y04 STIVIYILIVW JIWVYEID
3 ¥ NVMOO d S @Qd¥vaaolts UYNEWNTY

€961 ¥¢9 NIL3ITFINEG TVIINHIIL d¥3D VAV NVIIU3IWV
SOIWVY3D QVWISTIV 40 S3T1d3d40dd T¥II¥LO#13 ANV IVIINVHOIW
J3VLES d¥03 VAV NVIIY3IWY VNIWATY

1961 230 8294 %A 30S J{wWVY3ITZ NVIINIWV IO TVNunor
ANITIVEISAYIATIO4 40 SATNAOW JILSYI3 NO 133343 ¥O0d NOISSIUdLX3
W ¥ S391I¥dS VNIWATV

2961 0¢ 130 162-2¢€ 1d0d3¥ H33L 1df
3 930 002C 0L S3IAIXO JIWVYID 40 ¥IV NI NOISNVIXI TVWHYEIHL
H W GI0dI37 H L NOSTI3IN YNIWATY

12131

0L181

691471

9918

%6181

0sign

EAAR N

2181

62181

scign

9447



N4 €961 AON 9L-6221 d € YISNI I3S A3
SOIWVY3ID ONIGNOS NOISAd ¥0d4 3INDINHI3L

3 Zovdv 4 d NI3T9VIS VNIRRTV

8% 2961 (O0)}IHCE-YNON LIVYINDD 9-GT224¥V Ld3Y AUVWWAS
SHYOLYIANDD DJINCGIWYIHL NI SW3180d<d ¥OLVINSNI ANV V3S

M G NOSNIA3T YNIRATY

8 N4 2961 990GddE9 39 1d3¥ TYNIJ AIQ 1d4V¥O3IVAS 2I¥L3373 NI
SNCIIVOILISIANTI ONISNIANOD OGNV ONITI0E SIVIIW ITVIIV

H M SNU3X ¥ M 9NAGA M € T3WHIS VNIROTV

8 9661692 dVW T1G2-WIL AIG 1d4V¥I¥IV ASINLIIHM OGNV 11ivVdd
0€ NOILISOSWOD ONV STIvL3W GINBIT NT STIVIUILVW 40 ALITIGILIVAWOD (892Z21-Gll)
d H ¥3d331 YNIWATY

849 ¥ 1 €961 INNT I¥NHI0USG
SOIWVYE3D TVIINHIZL NI SINIW3IINVAQVY

¥ ¥ NOS3HLIVKW VNIRNTV

€ll €961 11ddv 11 i¥vd 829-19¢ ¥l ASV
STIVINILVW DIWVY3ID 40 ¥OIAVHIE 3Ti1I¥%8 3HL 40 S31dniS

W N HOIYVd UNIWOTY

g 031va LON 3¥NHO0¥E NV33IIW SNIAQVI9

- S3IWVY3ID TVIINHI3L

44VLES N¥393W 9ONIQQVO UNIWOTV

1 %961 AVW 022-812d4{SIvA SCQUVANVLIS OGNV HOWV3S3I¥ STVIVILIVW

£S31 NOISS3UAWOD TVAULIWVIQ JHE A9 SOTWVH3ID 3ISN3AQ 30 SHIONI YIS 3ITISN=L

i SOTISVA Vv 1 hWMMwmmm W M S991d¥dS VNIWNIV

L9 el 9661 AON 6€A J0S JIWVYID NVIIYIWY 40 TIVNANOP
VYNIWNTV G3IWIINIS 20 SIILU3I40¥d TVIISAHL NO A LISOY¥0d 30 133343

QG M AY3IONIM 1T ¥ 37800 YNIWNTV

L9 1 GTIT-3 JYNHI0YUE WANILVId GNV G709 N¥3L1S3IM
SOIWVY3] YNIWNY

d44viS 09S3M UYNIWATY

iy}

11281

90281

%0281

68141

£8T87

BLTGY

L1871

L1871

€eL1a

248



K4 €96T NVIP 01-9d 9%A 30S JIWVY3I NVII¥IWV 40 TVYNyYnor
STIVEISAYD 3ITISNIS YITTAY3IE 40 HIMOY9
g9 S NvRY¥3isnv VITHA¥M38 6

(]
L]
o
ol

2961 3NAL 9-50¢cd S¥%A 3OS JIWVYII NVIIUIWV 20 TVYNENOF
3 93C 0 01 00Z— 1V STIVIY3LIVIW 40 NOISNVAX3I TVRWU3HL
W %¥Nng YITTAY38 601871

€661 330 6-c0%d (ZT1I9CA J0S STIWVY3ID ¥3IWV TVNUNOP
Il SNOILJVY3INI JINVYHID TViI3NW

G M AY3IONIM VITiAY¥3S 4687
o €961%cT YVW ddBT 018662 VIISY 212129014 Iv2IGOI¥3d NVISSNY
AODTIONHIZL NI 3SN YIZHL GNV 3CIX0 WNITTAY3IE HIIM SW3ILSAS

¥ AIAYATIE d d AOAMINGNG VITIAY¥39 231

€961 130 990G 9% 30S JIWVY3D YIWV TTVNUNOP
50Z29N-€021TV W3LSAS 3HL

¥ 9 N3GAVT UNIWATY 60€871
k4 €961 6141 ddV ONILI33W AL3IJO0S ¥VITIONN NVIIUIWY 1V Q3 INISHL
STIVIY¥3LYW J110X3 40 ONINIBP

W 9 ¥3ILHINVS YRIRATY €5287

0961 1I¥dY (118-09NL ¥SO4V) c2v8212QV
dW31 G31IVAITI IV S3TY¥0LIVH43Y QIE33T3S TGNV JLIHAVYD DILATO¥AL®S3ISSVED
W LVNWI VNIRRTV SH281

IS6T €2 NVF 8G~T-T6-31 1d3¥ d¥03 INVIAYIV GNV 3INIIGN3 GTIHOYIVH
30002 01 dW3l LV RWNIACGS GINDIT WI STLW JIWVY3ID 40 ALITIGVLIS NO OW3W H23L
4 £ SNITI03 UNIRNTIV HH287

0661 9NV 2691 1d3¥ Vd3N I11-¢£91-8d
WOIHLTIT NI G31S31 STIVIY3ILVKH
¥ H NVHd3LS 3 ¥ NOSYHIONV UYNIWNTIVY €229

TS6T FATINL 60T—Tc—MINOD Z-WUTI-W-TdVI 8VT ¥3IMO4d JIWOLV STTONA
SAVINILVKW JIWVY3ID J0 S1S3L NOISOUWM0Id WNIAOS J1ILViS
d T LHOIIVYIOW UNIWOTIVY 912871

249



L9

L9

L9

1 31va ON d¥0J2 VITIAY3IE TVNOILVYN 133HS viv0o .23t

X01439

dd03 VITIAY3IE TYNOILVYN J3VLIS VI TAY3E

2t 2961 Z ¥dV Va ONIAQVIY d¥0) WNITTAY¥3IE 133HS viva HJ3L
d¥03 WAITTAY¥EE Jd4vLS VIiTiAy3s

v-0%T€= NIL3ITTING Viva TVIIN H334 30IX0 WNAIT1AY3E

€96T Z1 AON 2 ON 1d3Y¥ AYVWWNS FANLIISNI HO¥V3IS3IY 11l
SIUNLVEI4HWIL HOIH AYIA Y04 SUOLIVINSNI VIINiO313

4 ¥ TI3AVH VITIAY¥3S

1 $9-2T=¢ M 1V J43N 01 HSNYE 30 NMOYE ¥ NOILVIINGWWOD
VITIAY3IG ALI¥Nd HOIH 40 S31i¥3d40¥d

03 WNITTIAY39 HSNYd VITTAN3S

1 %261 SNV A3Y T000 L£33HS VIVA S¥UGDI
SJIWVY3I] SH002

44VLS 03 NIVI3Io¥0d S¥00I VITIAY3S

kH 1961 SYIHSITINd IDNIITJSYILINI
SOEIWVY3D ONIY3IINIONI J0 S3ITid¥3d0ud TVIINVHIIW

TET H YNOWTIYd M M 3931 ud VITiAY3gE

21 %961 INNF 162-€8<2dd {(914HA ALIIDOS JIWVYID NVII¥3IWY 40 €nor
038 (3Y¥3INIS 40 ITNCGOW 3IiSVIS GNV NOISNVEX3 HIONIHIS d433¥D

¥V 8 YW3TANVHD 3 ¥ TI3IXAYd VITiAY3E

1 9961 22 TIddY 0D NIVIIINO4 SOOI
GOHI3W JINDOS G3A0Y4WI NV A9 O 0021 Ol 03¢ OGNV €0271vY 30 ITRAOOW JilSvi3
3 7T vYI3Y¥3d GNV Q@ G S99Iud VITIAY¥39

0c6t 3INAC 16€ TINYOC
STIVI3W GINDIT NI SI3WY3I3 ANV SOIWVY3D SNOINVA 40 3IONVLESISIY NOISONu0D

H M 3003 VIT1AY3E

Z €961 TI¥dV ¥-081d 9%A J0S JIWVIID NVITYIWV 30 TvNunor
FAIX0 WNITIAYIG INITIVLSAYIANO0L 0 332¥I 3JAISSIULWOD

T M IYOWYVE ¥ ¥ LYOOANWICNVA VITiAY3g

€619
26181
6195
06181
2Lis

¢
i9181

$9181

10N
73]
i
[»+]
wd

15181

L1187

250



K4 €96T 230 (2T3¥Z%A TYNYACE SNIQGTaIM
WNIGWNT0Z ONIZVYE ¥03 SAOCTIV 40 IN3W4d0I3A3C

W 9 ¥3IHONVIS 9 ¥ GNVIITII9 M 2 XOoo SAGTIIV SNIZVYd
b 296T NVF 21IGEZ MSV1L H8%2{919)€E L1JVMINDD 265-19 ¥i GSV
N3ISONNL ONY WNIGWNI0Z 40 ONIZVHE ¥0d4 SW3ILSAS ACTIIV

¥ M 9ONNOA SACTIV ONIZVYSg

68 L55T AVW ©2Z2-6L12d 9€ A TYNYNOP ONIQI3IM
SAOTIY ONIZVME dW3IL HOIH 40 IV L1SISIM NOTIVGAIXO GNY NOISOWMDT WNIGOS

IV 13 4 9 NILLIZT W 9 ¥3IiHONVS SAOTIV 9NIzvyg

0 T9€T ATINE €6~Gl%d O9A ALIIIOS DIWVEID HSILING

WATYORL OGNV WRINYYN 20 S3CIN0NgVHIIL 3IHL 30 AGnisS

H S3INOI £ X NOSY3LiVW S3GI¥aS

0 IG6T 3INNF 61-€1T{9)9€ AL13I130S JIWYY3ID NVIIYIKWV 40 IWYNYNOP

S3ICIY0E A¥O0LIDVH43Y 40 AGNLS ¥

IV 13 i ¥YNI NG S3Q1¥08

4 %961 NVIF 0€ OT NOILVIASNI
VITIAY3E ALIMNd HOIH 30 ALIAILDNANDGD IVWYIHLI GNV HO3: ONIZITIVIIW

r ¥ NMO¥E8 S S 3102 vIT11A43g

6 €661 € 230 21-21-06-42 INYO
40061 1V WNIGOS NI 30IX0 WNITIAY3IE 30 NCISO¥Y0Z G3IJNGNI NOILVIGYY

M KB NOSNINYV 3 M 39VGNNuG vI11A¥39

& 0961 144V (I28-09Ni ¥USOLV) c2ygizav
dW3l GILVAITII LV SIIH0LIVY43Y a3123713S ONV JLIHAVYED JILATIO¥AL S3SSVI9

W LYNWI vITiAN3g

1 £981 S1 ATINS O0E%Z-T¥3N QY1 NOILVIAVY IINIYMVT

038 S0 SOIASIUILIVHEVHI 3¥NLIVHY SSIMLIS TUYWNIHL

4 3 3INITI W M STI3M VITTAN3G

6 €961 130 88%-%8%d 9%A 30S IJIWVMID W3IWV I
VITIAY3E GIUIEINIS 30 ALOISOUIIW NOULISII3

7 ¥ NvY vITiAN3g

cotgl

2s81

687

€8l

L1895

06281

L%237

CALA N

A4 N |

60291

251



68

68

1661 9 AL 2G-9N3-60T-T€—M LJVUINOD Z-WYT--W-id¥i
STIVIYILVW JIWVYID 20 SIS3L NOISOYY0D WAIGBS LILViS
YT IHIISYOOW SAIWVYID

1667 9ATINS 60TI-T1€—-M INOD Z—-WYT~W--TdVX 8V U3MOJ JIWOLV STIONM
STIVI¥ILIVW DJIWVYID 40 SiS31i NOISOYYOU WNIGOS J211ivVis

¥ 7 LHOIIYIOW SJIWVY¥3D

19 1961 0¢ ADN GL389¢2QV VILISV
STIVINIIVW ANDLIVYL3Y VELTIN 40 IN3WcSOT3IA3C

T ¥ SIIVM @ L d ¥344YPS SIAIGYV S

9 2961 0€ 130 26€-2¢ 1uld3¥ H3IL 1dr
3 S30 0022 01 S3AIXT JIWVYID 40 ¥IV NI NOIGNVEX3 TVRYIHL

H W GI8d4I37 H L NOST3IN VIOTed

1 £961 120 OSNIL33IW AIIIOAS ONIGTI3M NVIINIWV
WNIGWNT0D INIZV¥E ¥04 SACGTIv dJO IN3IW4OT3A3QA

W 9 Y3LHOAVIS 9 ¥ GNVTIITIIS M T XO3 SACTIV ONIZVYS

N4 1961 #T 1d43S €91-091 d €€A NIS3CQ INIHIOVW
46022 01 3JIA¥3S ¥0d STIVIU3LVYW 3ISVE-IN SACTIV IONIZV¥E d4W3L HOIH INILIO33S
T ¥ 33ISvId SAQTIV ONIZVyd

K4 $G61 9Z2-9N3-GI%2-M LIOVYINGD €@V7 TVNOCILIVN 390:I¥ NVO
SINIOS SS JLVIINCYY 0L G3SN SAGTIV ONIZvyg 3ISVE~IN NO SES3i NOISOU¥BD

3 3 NVWI30H SACTIV SNizZvud

€661 6I~L1 ¥dV ONILI3IW ALIIO0S YVITIONN NVIIY3WY 1v (3 1IN3S3¥Ud
STIVIYILVW 2I10X3 40 OWNINIOP
W 9 ¥ILHSOYS SACTIY ONIZvyg

0961 HI¥VW S—-8-221 6¢ [AN} TYNUNOT ONIGTI3IM
SADTIV SNIZVYE INVISISIY WAIAOS Qli 31T OGNV NOIIVGIXO 40 IN3WdOT3A3C
H 1¥VEZ1¥YVMHIS O JIINONVD SACTIV 9NIZvys

N4 8561 8%¥9—2CULICYM 3V 90HEE€-{009 €3V IOVHINDGD 4¥V 1d3¥ TIUNIL
SAQTIY ONIZV¥E INVISIS3IY WNIGOS GINTIT GNV NOIIVOIXO 40 iH3aIWdCI3IASC
H 1YVE8Z1YVMHIS V G OJ3INONV] SADTIVW ON:ZVYS

- . - . ) ’ [ 0 |

L1287

RSN

86291

L2249

95231

A4 R

2328t

IC 3

252



K4 €957°TT 3NNT 9189 FOUd Z996U1L59)EedV LIVYINGD 2 id¥ 90¥d yvnd
STI0d Tvi3IW AYOIOVH33¥ 9ONINIOP

3 V 347VIL3NH SADTIV WNRIGNNI02

8 9 % 27 6661 Ot NVF ¢681S1 8d SO
SAVLIIW AYO1IIVYIIY NIVIYID 4C 3IONVLISIS3IY NOTLIVOIXO GNV d40¥d HIIW

M T NOSTIM Vv @ XOD7IM 3 & Zi3%: WNIWOYHD

6 0 2961 330 Ge¥B8(919iced¥ 595-29 ¥iI 4GSV
SIVIUILVW INIWNIVINGS NO WN:iS3ID ¥04VA OGNV GINOIT1 40 Si73343

F N NVWIJOH { M ¥2IAONVHD WNIS3o

& 1961 933 %-¢6 d 09L-G-NL-VSVN
WVYO0¥d HOYVIS3IY WNIS3II-QINBIT

T H SN3A3LS WOAIsS3d

1 0961 1d¥ TTUNIJ 8c0c~-0¥0-G0S-220-TTVQ LDVHINDD 21-Gi1¢ 3V

SNOILVIINddY dW3i HOIH Y04 SNOILISOdWOD 2IWVE3D IWI3W 40 NOIIVIOILISIANI
I £ Y3HSI4 W N HMIYVd SNOILESOdWEGD 13WNH3D

9 1 1961491 AVW LOT WNONVIOWIW DIWG
STIVIYILVW JITIVI3W-NON O JITIVI3W 40 ¥OIAVHIE 3711149 3IHL 30 NOSINVENDD
I ¥ 333390 1 9 NHVH SATIXB 3IWVEID
9 21 %961 120 S0I8cl MUSVLI 9Z2¢8{2693€€dV LIVYINDOD 20I%~€9 <01 dSVY
MOD8GNVH f OIL3IU3S IVIYILVIW ¥V SOIWVE3ID A¥OLoV4as
IV 13 H M HINOMYMING SFQIX0 31Wvezd
6 ¥S61 61 AON TLTT OW3IW-S-—-VVN NOILVIAV NYJIUIWV HIWON
SN3IWIJ3dS NOILVINSNI TVWY3IHI NO WNIC0S HILIOWN 30 193443

W NVINIdYUVY STVIYI LYW JIWNVYID
0 €961 62 ¥VW 92681{L89)e€dV) 61€1620V-230
AQOLS NOILVAIV.3 OGNV IN3W4O13A30 dW3L HOTH SIAISIHCOY JIWYYII
J H YINUYNL 3 £ Y3INIJOHS S O Ltvid SIAISIHGV JIWYE3D
0 C96T AVW S90282aV VILSV
SIYNLI3NYLS 3LISOAWOD + SIVIIW ¥OI SIAISIHAY dW3IL HOIH DINVIUONI MO HIBYISIY
d M SNIGE0Y¥ 3 © NOLSNHOP SIAISIHAV DINVHEID

#3471

iyg™

%487

FRoYA: N

$S281

0881

621871

ceea

0%187

22181

263



g % 21 €961 INNC Te8OTI(LSI)EEIV ¥3IANN Z28660%0Y VILSY
SADTIV KWNIGWNTOD ONITTI0Y 3dVHS Y04 SIYNA3II0YU4 40 INIWSDTIZIA3QA

¥ 4 SILYOT M S 4LIHM SAQOTIV WNIGWNT0D

10 €961 12 NVF 19€96<2AV VILISV 038600-29 MON NO 1d3¥ TUNId

SACTIV WNEISWATIO3 G31VOD ¥0d AGNLS ViV NSIS3C

390 T¥0100M OWYY NOSdWOHL SACTIV WNISWNI03

& v 21 €96T ST AVW 09TZ-£SVN VSYN
INSWNIVINGD TVLI3IW TV ¥0d (S6SVI ACTIV 80 HION3W¥LIS HOIH v 40 NOILVATVAZ

O ¥ OMNVEd N O VLILINIW 9 ¥ NOSTYVD WNISKWNTI0D

c 2961 120 9¢6-21¥iaSV 9¢6-L D¥d memmwmowmqu
SYIONVHIXI 1V3H LHOI3SMIHOIT 30 LNIWJOTIZIAIC ONIUNIJVINNVIW ONV NOIS3G

0 M ¥43INyvd WOISWNTOD

8 9 A 6661 0t NVPi $981ST 8d SiO
STVLIW JVYdIY NIVIYID 40 3ONVLSIS3Y NOILVOIXO ANV S3IIi¥340¥d TTVIINVHIINW

M T NOSTIM V @ XOOTiIM 3 1 71311 WAIGWNI0D

8L% i 096122 934 ¢21 1¥0d43¥ JIWA
SACTIV WNIGWNTOD ANV WNIEWNT0D 40 S3II1L¥3d0¥d TWIINVHIIW ANV TVIISAHd

V [ XINOH S 3 1i37114ve SAOTIV WNIBWNTOD

F

2961 NVI 18 d Z2T8EL MSVL $8HL(9T9)EE LOVHINDD 265-29 ¥i QGSV
N3LSONAL ONV WNIGWNTI0D 40 ONIZVYE ¥0d4 SWILSAS ACTIY

4 M ONNOA WNIBWNTI0D

N4 096192 130 6IZ21919dS10 69 OW3IW JIKG
SACTIV WNIGWNTIOD ONV WAISWNTICD 40 INIGI3IM

M d T13dd3IY¥ 3 ¥ 3I0UNOW r© M INSMONL3IT WRISWNTI0D

N4 1961 AAr  %2-L-T9 INYO
WRIEWNTIOD 40 ONIZVYE NO 1¥0d4d3¥ SS3¥Y90¥d

9 ¥ AONVIITTIS M O Xod WAIGWNI0D

8 296T°TIT ATINE €8T OW3IW 3LNLILSNI TVIYOWIW 311311VE JINWG

LTHIVYEO NILSONNL WATIVINYL WAN3IGGATIOW WNIGWNTIOD ONIANOS SNIZvYe
W ¥ SNVAI 3 H 331ivd WNIENN103

6887

L8871

2L8

0681

8e81

928%

Vg4 N

€281

G281

81971

254



X4 €961 NVE T0T6El MWSVL #84%L(9191)ce LIVALNGD HIONN 88-€9 YGL GSY
ONIGNCE NOISNS4IAQ OGNV ONIZVYG A9 STIVLIIW A¥OLOVIIY 0 ONINIOP
S M INNCA S 3 SINOF 8%—-d4 WNIBWNTI0I 26187

€961 NVE TO0T6El MNSVLI #8H2(9191ce LIVIINGD ¥3IANN 88-c9 QL GSV
ONIGONDG NOISA44IQ OGNV ONIZVdE A9 STIVI3W A¥OLIVI3IE 30 ONINIOP
S M 3NACA S 3 S3INOF ¥Z T WNIGWNI03 9sig

T £961 T INNPL 01e80%0V VILISY
SACTIV WNIGWNT0D G31Vv0d ¥0d AGNLS NSIS3E
F4VLS 39QTHGTO0M OWVY NOSJWOHL WAISWNTIO3 21%1871

b 0 €961 82 934 96986230V VIiISY
SACTIV A¥0LOVY33Y JO ONIZVYS DIWY3IHIOXI 40 NOILVOIIS3IANI
Y L3 G 4 ONINNVG V ¥ ONOT WOIGWNT0D 9c181

K4 €961 LT 3INNPF 691 OWIW JIWV ILNLIESNI TTVIYNOW3IW 37131tvd
SAQTIV 3ISVE WNIGWNTIOD TVIJYUIWWOD I3d¥HL J0 SIIANLS ALITIGVaTIIM
3 Y 30YUNOW V d UIWWVM WREIGRWNTI0D <€€197

% % 21 €96T 1€ ONV Z2%66c({009)cedV (XI} »81-1 fO¥d4 QSY
L133HS ACTIV KNIGWNTI0D ¥0d SADHIIW 3NNVW WOWILE0 40 IN3WdOTI3A3C
00 ONV ¥NOW3N 30 INOGNG I 3 T V ¥YIHIIW ey-0 WNISWNTIDD 21871

0 €961 3INNr 2168(1693€edV 111 3SVHdE 186~L 90¥d SAY
WYY90dd INIWJOTIA3C ONITIOY TI04 ACTIV A¥01IIVEd3Y
f GNOWAS WAIGRWATIDD 0cig

9% 1 €961 NVF 10Z-€G ¥i 4SSV
133HS 26193 WNIBWNTOD 30NA0Y¥Yd 0L SCGOHLI3W 30 IN3WJOTIA3C NO 1d3¥ TUNIS
W ¥3ISSNHIS 9 I A3 IM3d 25480 WAIGWNTIO3 €£2181

9 8661 AON 26890cQV ¥#.i2-85 ¥l JQVM
S3T1Y¥IL0Ud TVIWIIHLE JO SINIWIUASVIH
v 13 2 F 39G3H g9 I 3ISNOHCT3IA WATIBWATGD 56871

G €961 02 AVW 9 d %966 1d3¥ 8V HIUV3IS3IY¥ IVAVN

1434 SS3Y¥O0Ud YVND HLE6 WNISSVIOd ANV WNIG0S 40 S3Ii¥3d0dd dW3l HIIH
TVE3 ¥ [ NNVdAS 4 © 3INOLIS 1t 3 SNIM3 UZT WNISGWNTO3 1691

e e



9

d

21

*¥°H “N3C90 ‘°r-a

€961 1SNoNV 8H-g4Hy

d %5 IANOHTIIVIIW °4°SZ

NIOAXO~WNIGOIN WILSAS NI SNOIIVOILISIANI

YIHIVENIHIOY I QuvHE39

RAISWNICD

06T 9NV 2691 1d3Y¥ V43N TIT1-€91-8d
WRIHLIT NI G31S31 SIVIU3LVUNW

4 H NVHJILS 3 ¥ NOSY3IANV

WOISKWNTI0D

%961 £02°9NV JINLIISNI 27171311v8 602 1¥0d3¥ DIWG
STVLIIW A¥OLIVYI3Y NO SLIN3WNOYIANI INILSIL OGNV ONILV3¥L EVIH 30 123343

SHINNAVW ¢°d°d4 SIQIWHOS

SACTIV WNISWNI0D

H96T HIOYVW Z¥%-%€ d (E)ZZ “A SIINODITINN
FTIA3 INDINVY 3HLI 40 3¥nind IHL

°71 °H *SIAvYQ

SAGTIV WNIBWNI0D

€961 82 3NN IUNHIOHE INOdL NG

SADTIV 3ISVS WNIGWNTIOD
44V1iS 1INOdNG

¢SNOILIV3IZ133d4S 12NABYd
SACTIV WAIGWNTOD

el HIOST UVW 6828(L39 €4V LOVYINGD ¥3GNN L= °1d3¥ WIYIINI ¥VIDS
STIVLIW AUOLOVY4E3Y 30 ONIGNDOS NOISNdsid

i

T €
J3VLIS Si2NG0Y¥d TVL3W

W 9 d3LHON

9 ¥ILHONVIS

IV E3 ¢°0°V f337v01i3W

AOTIV WNISWATOD

C96T AVW T AZY IA JUNHIOYE TVYIINHIZL OINVHI HVM
NOILIVIITddV ¥VITINN TVENLONULS ¥0d SADOTIV 3SVE WNTIVINVL GNV WNISWNI0D

J4VES ONVHD HVM

SACTIV WAISWATI0D

96T 3NNF 1¥0d43¥ TVIINHI3L SHUNOW3N 3C INBdING I 3
SAOTTIV 3SVE WNISWNTO2 NOILVIIAIId3dS 12NnA0dd

03 S¥NOW3IN 30 INOdNG T 3

€957 NVF S%Z2-S8Tdd
WNINDJOYIZ
VIS V 3 vYHI3UY3II-0ONVYHd

SADTIV WNISWNIOD

{(T)Z2HYA TYNINOr SNIGI3M
T WAISWATOD 30 INIQI3M
YZ T WNEISWNI0D

€961 0230 {(Z1})ZH%A TVNINOF INIGTIIM
WNISWNTO03 ONIZVYE ¥0d4 SAGTIWV 40 INIWLODTI3IA3Q

9 ¥ GNVIITII9 M D XO0d

SACTIV WAISWNTI0D

9€281

%2281

28187

€8181

28181

18181

3181

€918

19181

65181

256



8.9 A 1961 €¢8191 94 SiD
STVi3W WANILVId A¥OLOVUI3Y JO YOIAVHIE ONIAOCTIV OGNV d0¥d dW3i HIIH
I ¥ 33d44ve O 4 N3QT0H M ¥ Sv19n0a WNIGIYE

19 10 1961 2330 L6-265d HPA 30S JIWVY3II NVIIU3IWY 40 TvNuaor
JLIHAYYD JI1LAT0¥AL 40 S3I11¥3d0¥d
TS WNI8 ¢ Siddvd J1ITHIVYEO

K4 296T 8 AON €I% Wi 1d3¥ HI31 TNYO
SIIWYY¥3D 40 INIZV¥E8 1¥0d43¥ SSIY90Ud
M 3 XO4 31IHAVYED

K4 €961 11 ATNE €ST OW3W JIWG ILNLIESNI IVINOW3IW 3113Live
JLIHAVYS NILSONNL WATVINVE WAN3GSATOW WNISWNTI0D 40 INIAGNDS ANV 9NIZvys
W ¥4 SNVA3I 3 H 3311vd 31IHAVID

9 0961 6 AV 9590%2QV VIiSV
S3JIA3C ONISNIS dW3L OGNV NIVYLS dWIL HSIH
V V NVY¥L138 F1THAY YD

K4 €261 AVW 69%-19%(G 1% TYNUNOF SNIQIIM
JLIHAVYO 40 ONIZVye
W 9 ¥31HONVIS 92 ¥ ATIINNOG 31 IHIVAD

0 €961 6 €34 <9%282GV VISV
AJABAS JYNLIVUILIT V GWOD ASNOH SIWVIID OGNV WVYOd JIWVY3D
NOILVIAV NVIIN3IWVY HLIYON WVOd SOIwvH3Dd

6661 1030 8-L¢6 d 0€ SINIWNULESNI JIHIINIIIS 30 MITIA3Y
SCI¥LJ3T13IC 3WOS HLIIM SVO WNIS3ID 40 ALITISILVAWOD JUNIVY3IAWIL HOIH
S TI3YY0D d UINOVM STIVIY¥3ILIVW JI¥LI3T3IC

7 €961 6T-L1 YdV ONIL33W ALIIOO0S WVITINN NVII¥IWYV 1V G3INISIUd
STVIY3I1VW J2110X3 40 SNINIOP

W 9 ¥3LHINVIS KOIGWNI0D

8 €961 ATNF 96-9¢ dd 2291-0GIL
STLW ONINNVD IN3IW3T3 7303 NO 133443 INVIOOD TVI3W CGIABIT V NI S3ILINNGWI
3V SSOY H V Y 100d W A YIVIINIS WAIBKNTSD

89871

821g1

19871

9587

1eg

s281

Le97

6€281

29281

€281

2147



K4 €961 T1 ANT €ST OW3W JIWG JLIALILISNI TVIYOWIW 3T7311vV4
FIIHAVYEO NILISONNL WNTVYINVE WNANIADATIOW WNIGWATOD 40 ONIAONOS GNV ONIZviug

W ¥ SNVAZ 3 H 3311ivd WANICEATONW €587
N4 2961¢8 AON €1% W1 INYO
SOIWVY3I] 40 ONIZv¥g 1¥0d3Y¥ SS3IUA0Ud

M 3 X0od VIS3NOVKW 2281

2961 H331L ¥OLOV3Y UVITINN WARISOdWAS H1I9 ©&9igli
WAIHLITT NI N3IOAXO 30 NOILVNIWY3IE3CG 3HL
TY £3 ¥ £ S1i08 ¥ INSMOYOMYTD WAIHIIT 210£97

2961 1d3S w-€%#€l de YEA AVISIWIHI TVIILATUNY
WNISSYLiOd ONISHA TVI3IW WAIHLIT NI S3CGIYLIN OGNV S3QIX0O 30 NOILVNIWY3Ii13g
3 9¥380109 ROIHEIT 90ed91

8661 ‘1¢ 130 92-9N3~-GO0HL-M LOVYINOD QisZ-TINMO
TVEIW WNIHETIT NI N3JAXO 40 NOILVNIWYZ13Q
H ZI3WNIZLS I H XVS WNIHLIIT &0€ad7

G66T ST INNL INI IONVT SV HIZHITAD TeiI-Ni{d)aay
WNIHLIIT 40 NOIAVOIXO 3HL
g 4 NOGONOT 23 MIVZAL WNIKLIT 0O%281

T96T 3INNPF €% d T-THTIZ~-VAN d4¥0I A3CQ ¥YVITIONN
WAIHLIT NI STTVISW d0 ALITISNTIOS GNV NOILAT0SSIC NO 1d3¥ SS3IYo0H¥d
H ZI3WNI3LIS 9 NIWHSONIW WAIHLILT He2sd

: €961 LG98{LG9)EELVY 1d3¥ TYNIJ ISNI HO¥Y3ISIY IS3IMHINOS
SWILSAS WNIHLIT QINDIT QNV WNIGIENY GINODIT NO Si23443 NOILVNIWVINDOD
IV 13 M ¥ NOISNHOC G M GQYOIY¥3HIVIM WNIHLIT 82281

0661 9NV 2691 143¥ Vd3N 111-£91-8d
WRIHLET NI G31S31 STIVIUILIVA
3 H NVHA3LS 2 ¥ NOSU3IANV WAIHIIT 12287

T96T GV TTYNOILVN 393IY MVO $23Nn0%26< INYO
dW3l Q3ILVA3T3 LV WNIHLIT A8 STIVI¥ILIVW 40 NOISOWM0D
3 3 NVW3S3I0H A8 NOISOYEGI*HWAIHLIIN 1871



g 6661 %€ 4 JQY¥V HINV ASYINI JIWOLV WOOGONIM GILINN
HYN OGNV WNIAOS NI SINIW3ITI 30vil 40 NOIIVUNIW¥3 130 3HL

I L2 I 9 MOT13J0009 AVYN

9 1 T96T%GT AVW 10T WNANVYOW3IW JIWd
SIVIUIIVW JITIVI3W-NON OGNV DITIVLIIW 40 ¥OIAVHIE 3TLILI¥G IHI 40 NOSIAUVLWOD

I ¥ 3334¥0 L 9 NHVH WNANIGGATION

H 1961 SY¥IHSIGNd IONIIOSYUIINI
SOIWVYID ONIMIINIOGNI 40 S3IILY3d0¥d TYIINVHIINW

IIT H ¥IOWIVd M M 130318 VIS3INOVKH

8 N4 o €961 82 €33 969862QV VIISV
SACTIV AY¥OLOVYSI3Y 40 ONIZVESG JIW¥3IHIOX3 40 NOILVOILS3IANI

Y 13 G ¥ ONINNVG V¥ ¥ ONGT WOANICQSAION

9 2961 Q¢ 120 ieZ-2¢ Li¥0d3¥ HJI3IL Tdf

3 930 0022 06 S3CIX0 JIWVY3ID 40 WIV NI NOISNVAX3I TVWEIHL

H W Q10dI37T H 1 NOSTI3IN VISSNOVR

K4 €961 100 96-c6%d 9HA 205 JIWVAIT NVIIUIWV 40 TYNIGOFP
YISINOVK CONV VNIWNTIV ¥0d4 SIUNLINYISOUIIW ONY SWSINVHIZW ONIY¥IINIS FUNSSIUd
W ¥ SO9I¥dS I SOTISVA VEISINOVH

9 2961 INAF 9-50cd SYA 30S JIWVHIJ NVIIN3IWV 40 TwNynor

7 930 0 0L 00Z2- LV STIVIYILVW 40 NOISNVIXI TWWE3HL

W ing VIS3INOVW

T 2661 230 €€-692¢ d (2T16€ J0S JIWVHID NVII¥IWVY 40 NInOP

S3QIX0 JIWVIID 3Ynd 20 IUNTIVI SSIULS TYWEIHL

g ZLYYMHOS VISINOVH

g 6661 A¥W 09-%6Z2d (S)ZYA SIVP
dW3Ll 40 NOILONNS SV SIVIYILVA A¥0LIIVHY43Y SNOIWVA 20 SNINACW SONNCA

vV @ NIVT 8 F NVWIHOVM VIS3INIOVW

8 €661 6-€0% (21)9¢€ SOVF J0S SIIWVYID Y3WV TYNINOP
I1 SNOILOVH3IINI JIWVY3D TVLIIK

d M AYIONIM VISIANOVH

§9281

1887

89181

HeTA

921I8%

12181

80191

9881

8981

6s81



2961 133Q HTLZ{T-0€)1V IJVYINGD 1d3Y¥ TIVANNV
SIVEIIW WNIYVLILIA SHIWVI JYVY SIIESIYIIIVYVHI NOISOYUOI ANV TvIIW3IHI0¥i123713
44VLIS LSNI JINHIILATOd ¥IVIICSNIY S3IQIXO Hi¥vI 3¥VY

0661 9NV 2691 1d3¥ Vd3IN 7il-£9i-9d
WNIHEIT NI 031S3) SIVIYILIVHW
¥ H NVHd3ILS O ¥ NOSY3IGNV S3CGIXD ~1ldV3 IYVY

0961 INAC 16Es INY¥O
SIViIIW CGINDIT NI S13WY3ID ONV SOIWVNHID SNOIYVA 30 IONVESIS3IY NOISOUWNOD
H M X003 S3IC0E Hi¥v3 3Iy¥vy

6661 ¥YVW 96-1a1 (€)Zv AL3ITOS DJIWVUZD NVII¥IWV TVYNIOOCP
JAIXO WNIdOUWN3 40 S311¥3d0¥d DIWY¥3D
S V 4d¥VHE 3 3 SIL¥Ynd 3QIXC WNIdo¥n3

£G61T NVF 61-61 (110% AL3IZOS 3IWvd3Td NVIOIY3WV TYNYNGPE
JAIXT WNINTOGVYS OGNV 3CQIXG WAIYVWYS d0 S211i¥3d0¥d JIWVA3D
d © NOLSNHOr 3 O SIL¥nd ICIX0 WAINITIOAVY

£S6T NVP 6T-GT(T1)10% AL3IJ0S DJIWVY3D NVIIU3WY 4<zmaaﬁ
JAIX0 WAINITOGVYO ANV 3CGIX0 WNIYVWVYS 40 S3Ti¥3d0Ud JIWVYE3D
¥ © NOLSNHOL 3 O SIL¥nd JAIX0 WNIYVWYS

8661 330 #S-18S(Z1}¥y AL3III0S JIWVEZ3 NVIIYIWVY TVYNIAOP
SIAIX0 HIYVI 3YvY 40 SOILSIUILIVIVHI ONIUIINIS
T 9 Z2i367d M I MUVINALSAYM 3 H SVWNC S3AIX0 HLI¥V3I 3¥vY

H 21 6561 0t NVP S681S1 84 SiO
STVIIW A¥OLOVYI3Y NIVIYW3D 40 3ONVISISIY NOILVOIXO ONV d0dd HI3IW
M P NOSTIM V 9 XGJ3TIK 3 1 7131t WAIWSO

1961 £28191 94 S1iO
STVESW WANILVIE ANOLIVYA3Y 40 YOIAVHIG ONIACTIV ANV d0¥d4 dW3l HOIH
I ¥ 33d44vE D 4 N3GTI0H M ¥ Svionod WAIWSO

0G6T AV 9Z280W3IW ALIYOHINY ASY3IN3 JIWOLVY WOGONIM G31INN
SIIVIENS ACTIVY WNISSVIOD WAIAOS NO SWTId 3GIX0O NIHL 40 S3I11¥3d0¥d 3IWOS
M V HLIWS G AGNVTYIHLIAS VN

€ecgl

22281

28181

g187

cigi

11g1

0181

09871

69871

€9281

&



8L9 4 1961 €£81I91 €d Si8
STVLIIW WANILVId A¥OLIVYI3IY 40 YOIAVHIE INIAOTIV ANV d0dd dW3L HIIH

I ¥ 33d44YF 3 4 N3IQTOH M ¥ SVionoda WAIQG0oHY

8 9 % 21 6661 0t NVFP 6681IS1 8d SiO
STVEIW A¥OLOVYd3IY NIVIYID 40 3ONVESIS3IY NOILVOEIXO ONV d4d0¥d HI3NW

M NOSTIM vV @ XO2TIM 3 | 7i311 WNINIHY

68 1961 H2Z-GT dd 691-0-Ni-VYSVN
S3IGALS G3ivI3Y GNV TVIIW ITVHTIV ONITIOS

3 3 NVW430H WNISSV1iDd

g €961 6-821Id T Ld 9¢9Z-GIl 8V TUYNOILVN 39QIY¥ VO
WNISSVIOd NI N3OAXO S0 NOIIVNIWY3IE3Q

3 F 3LIHM WNISSV1iOod

9 Z96TJ33CL6EST~CIN VSVN & 1d3¥ uvAD 3LNLILSNT WIYOK3W 3I113itvd
KWNISSVIOd 40 S3Ii1¥3d0¥d ONIY¥IINISNI

4f M V NOWW3 WNISSVi0od

6 2961 €2 NVF €9%-~SSVN INGD L1d3¥ 90dd TUNIJ €€21-dN
WNISSVLIOd 3¥NIVY3IdW3L HOIH HIIM SIVIYIIVW 40 ALINIGILVAWOD

W 1 NVWIIIT A G ONOWWVH WOISSViOd

Z9614E2 NVF €S9—GSVN YE€2T—-dN 1d3¥ TUNI3 NOIRVIAV ¥3WV HLYON
WRISSVLIOd 3¥NLVIIdW3E HOIH HLIIM STVIYILVW 40 ALITIGIiVdAWOD

”r;

W & NVWILIT A O ONOWWVYH WNISSvY1iOod

849 21 1961 €28191 €d Sia
STIVIIW WANILYId AUOLIVYS3Y 40 HOIAVHIG ONIAOTIV ONV 4d0¥d dW31 HOIH

I ¥ 3344ve 3 4 N3QI0OH M ¥ SVI9nca WANILVd

849 21 1961 €28191 84 SiO
STIVI3IW WNNILVId AYOLIVH4IY J0 YOIAVHIE SNIAOCTIV ONV d0¥d dW31l HOIH

I ¥ 3334vF 3 4 N3QI0OH M ¥ SY13nod Wnigviivd

8 2961 96-2G6 d T TT13A3C NOIS3IC SS330¥d W3HI 9INI ONI

ALIYNd HOIH 40 30IX0 WAI¥NLELIA
TV 13 @ ¥ N3SNVH ¥ 4 ¥3HSY S3AIX0 H1¥Yv3 IUVY

15871

6€81

092871

922871

02esn

812871

s0281

%871

949871

89281

e e e e e



6

€661 AVW 85--2STd 9EA Jus
STIV3S TIVI3IW JIWVYIN 40 NOE
9 ¥ SNI3NId

SUIRWVYID NVIIYIWVY NYnor
IVNIWVX3 OJIHdVI30TIIVLI3N
SI¥3s

€961 €34 0L-G9d ZHA J0S JIWVYE3D NVIIY¥3IWV NIL3TING
STIV3S TIVI3IW NO SOIWVYID VNIWNIV 40 3ZIS TVISAYD OGNV dWOD 40 133423

¥ € QAOS

Siv3as

1 2961 3NNT6L-9lZd SHYA 30S JIWVHITZ NVIIYZIWVY S0 TvNdnor
I 3¥IHd4VS 40 STIVISAYI 3TONIS 30 S311¥3d0¥d MOTd WWIIWVHAG

Y

T W OYIENOUN

FYIHALYS

2961 ¥YVW 8I-GTid 6%8 20S JIWVYEI3 ¥3IWV IO TvNinor
SADTIV ASUIIN-IYIHAGVS T SOIWVY3D GNV STIVI3IW N33MI38 SNBILIOVIY JFIOVIYTINI
4 £ INYVIT 3 V YIAVINVHI W M SNOULSWUV

F¥IHddVS

8561 AON 268902QV vi2-8G ¥l JavhM

S311¥3d0Nd

IV i3 3 3903H @ I 3ISAoHAT3iId

TYWY3IHL 40 SINIWIENSVIW
3YIHAAVS

6G6T AVW 09-%62d (SIZHA SIVP
diW3i J0 NOILONAZd SV STIVINILIVW A¥OLOVY43Y SNOIUVA 40 SATNAOW SINADA

V G NIVT @ © NYWLIHIOVM

LG6T AON 68-11¢d(TIT}I0%A

JYIHALVS

30S ¥33 Y3IWV 40 TvNINOoP

IT STIVISAYD IFIIGNIS JAIXD-2IWVE3D 40 NOILVWYO43Q JILSVid

H T TI3MXVYW 8 § NVWIHIOVM

FYEHAAVS
1961 €28191 €d Si0

STVLIIKW WANILVId ANOLIVYS3IY 40 YOIAVHIE SNIAOTIV OGNV d0¥d dW3l HOIH
I ¥ 33d44v0 2 4 N3QT0H M ¥ SVISR0C

6561

WOINIHINY

AVR 09-%G2d (GS)IZHA SOVP

dW31l 20 NOILIONNd SV STIVIYILVW AYOLOVY43IY SNOIY¥VA 40 SATNAOW SINADA

vV G NIV €  NVWLIHOVM

1961 €41 4 91

AgBNY

ON 1d3¥ TVNI4 #€08-N3V

VA3 d0¥d TVIISAHd ONV NOISO¥Y0D WNIQIENY S3IIANLES HI3EL SW3ILSAS ¥3IMOd 3IvdS

44VLC

SJING3TIINN TVYINIS-LIroY3v

WNIgIany

9871

<87

0t1a

€018

€687

9981

%987

osd

£987

249



1 €961 ST ¥dV 619Z20%0V-3G0 Belo  {LS9)ECHY

£ N XNVEQ3¥ d4¥03 XION3S 320 T W oNi¥a

iJV¥INO3 OSY
SYILUIANGD DJINOIWYIHI 3JYNIVUIIWIL HOIH ¥O3 SIS “Vi3dW O6 DIWVEID
SIv3s

€961 ST NVF SG1%620V-300 8€00T(L69)cedY 1IVHINDD QSV
SY31YSANG] JINOCIWYIHLI IUNIVY3IdWIL HOIH ¥0d S7V3S IVIIW 01 JIWVE3D
SIvas

NOISIAIG MNVEQ3Y 4463 XIGN38 20 T K 9NI¥g

€961 330 965-26Sd S¥A J30S JIWVYID NVII¥IWV 20 TYNINOP
SONIGNOS TVI3W 0L SSVYI9 40 SIVINIWVONNS
SIV3s

W Y HIVYING V [ MNSVYd

9T Ld3S 91-21%d SYA 30S JIWVEIZ NVIIYIWV 40 TUYNAINOPE
ACTIV CNITVIS SSVID L1IVE03 I3MNJIN NO¥I S0 NOIEVZI¥NN3¥Y23G
SIv3s

¥ W SIAON

€961 1d3S Z1-L0%d SHA 30S JIWVHID NVII¥IWY 20 TYNINOF
STVIIKW AYOLIOVH43Y I@ SOIWVY3D OGNV STIVEIIW NIIMLIICS SNOTLIIVIY JOVINIINI
SIv3s

TV 13 3 V Y3GVHUVHD W M ONOUESWYY

0961 023 8N4 QIOHNIIY N0OODY
S38N1 NOYLI3T3 Y04 SINDINHIIL OGNV STVINILIVH
Sv3s

H M THOM

£G6T € ¥dV 9596624V VILISY
JIWV¥33 06 TVI3W SNINIOL ¥03 OOHI3IW V
s$Iv3s

8 A NINGV¥

§S61 ATINT 3%9-2091d Z20TA AL3I30S TVIIWIHIOWIDNZTI 40 IVNMAOGP
SIVIS JIWVUIT 01 TVI3W JUNIVYIAKIL HOIH 40 MIIA3Y
Svas

IIT 3NAVH ¥N3W2Vd

Y961 TIY¥dV $Z2-S1d €9A 39V JIWVIID
SIVIS JIWVYID 06 STIVISW J¥NIVYIIWIL HIOIH
SIvas

v ¥3d4N39

6661 3NAr 1-10td 8¢A AL3IJ0S JIWVYID NVII¥3IWVY 3JHL 30 NIL3TING
ONIONOS TYLI3W Ol JIWVY3ID 40 AIAYNS V
S1v3s

4 3 N3INGCH

&6e187

8e181

81181

2119

TTi81

26871

S€87F

62871

8281

Lzan



g

] 66T HOUVW €S-99%T d{clieA D00S JIWVIIT ¥3WV 40 TvN¥AOr
STIVISW GINDIT NI S3I¥0LOVYEI3Y 40 ALITTIGVES
T 3 @33y WRIQoS

9 6661 AVW 09-%6Z2d (GIZHA SIVF
dW3l 40 NOILONNS SV STVINILVW ANOLOVYI3Y SNOIYVA JO SATINGOW SONNOA
V @ NIV @ © NVWIHOVM 3019¥VI NOJITIS

6 v 1 %961 ATMNC Ld3Y¥ TYIINHI3IL ISADHONILISIM
%961 AIAL-AVW GOI¥3d T3A3U UOLVIINIT ¥AdS
34V1iS $Iv3s

9% 1 %961 NVIr 0¢ 01 NOILVINSNI
VITIAY3E ALIUNd HIIH 40 ALIATILONGNGS TVWE3HLI ANV HOI3L ONIZITIVI3NW
f ¥ NMOY¥g S § 3703 SIv3s

K4 €961°12 AVH G-HHZ d 9%A 30S JIWVYID ¥3WV 40 ¥N0P
W8HZZ 40 SSIAIXI NI 378VIS ONIGNQOY TTVIIW JIWVYE3D
9 VvV SH¥3ANS SIV3S

68 €961 61 9NV LTI62 SWVT AY0LVY0EVT JIJIENIIIS SOWVIV SO
NOILVHZdO 3¥NLYVYIIW3L HOIH Y04 STv3S VidW 01 J31WvH3d
S 9 SUNVH 1 3 30IGNNY¥G sSIv3as

68 Y €961 AVW SWVT NOILVIINNWWOD 31VAIY¥d
SUILUIANCD JINCIWNIHL YVITONN ¥04 STIVIYIIVH JIWVYEID
3 ¥ NVMOD 4 S Qy¥vagols sv3s

8 0 LS6T 9NV €12-692d (8) OHA ALIIDZOS JIWVIII NVII¥3WV 40 TWNINOTF
ALITIGVLILESIM 30 IONION3IH30 FENSS3IYL GNV dW3IL ONIANOS Tvi3dW O SSVI9
V P MSVd d S J40LIW W ¥ HIVIING SIV3S

8 1 1961 3INAF TLZ2-992d ¥%A ALIIIONS JIWVYID NVIIYIWV JD TvNENOP
FINIYIHAY TVIS TVLSW OL DJIWVYE3D 40 WSINVHIIW NOILVHIGIW SSVIO
9 ¥3WWOS S S 3703 SIv3s

LS T €961 Z2€7T NIL3ITTING TVIINHI3L d4¥03 VAV NVII¥IWV
S3IWVY3D G3ZITIVISW OVHWISTV
d¥62 VAVT NVIId3IWV 44VI1S SIv3as

egdl

12971

€1est

16281

06287

e%¥81

cv181

vadi- i

€EHI8

7187



ey v— g A

Ko dudas

638

e e e

! 1961 ¢€Z 9NV 8¢S JLNniI1SNI IWIYOW3IW 37131ivE
Wdd 01 MO39 SNOILVYINIONGD Lv WNIGOS NI N3ISAXO 30 NOILUNIWWY3L3Q
IV L3 ¥ @ ¥3S3IWO WNIGoS

0961 dVW 29¢-09¢ dd Z¢€ A W3HI TUNVY
AYEIINO0LOHAOULI3dS CGIYVAUINT NI TVL3W WNICGOS NI N3IJAXO 48 S33VHi
F H NInYg3d WNIaos

2961 ®GT NVIM 2€l& ¥S NOILVIAV NVII¥IWV HLYON
WNIGOS NI NIOOUAAH ¥0d4 33IA30 NBILJ3L3A
V % SIAVA wniags

6661 61TT-ETT dd T STIVIY¥ILVW ¥VITIONN F
SNOTLVYEINIONGD MO 40 3ISVI NI O3SN GOHLI3IW SH-VYN NI 20 40 NOILUNIWY313C
F O7134Na ¥ Sv¥¥va T XI3dWVHD WNIQ0nS

2961 AON 29/29-0 INIWHSITEVIS3 HOYVISIY SNOJVIM DIWGLV
WNIGOS NI NOGYVID 40 SINNOWY WVYOO0¥IIW J0 NOILIVNIWY313Q
F NOLONIY¥Y3IH WOEAOS

1961 33C ONIL3I3W NOISOWH0D IviskW QGINDIT I3V-VSVN
YN 40027 0O Q3SO0dX3 STIW -0 S3T1¥3d0¥d WNRIAOS NI NOG¥VYD 30 NOIIVNIWN313G
4 ¥3dd31 M [ ¥3ITI3LSNVR WNIgos

£G66T¢0€ 3INNPF 2G6-9N3I-60T-TE-M IJVHINOD 208T-TdVM
SIYNLVYIdW3L G3LVAITI LV WNIGOS NI NOS¥VI 40 ALITNIS8NI0S
3 © NCLLIVO wWnidaos

6661 H€ d J0Y¥Y HINV ASY3INT JIWOLV WOAINIMN G3LINN
MYN GNV WNIAOS NI SIN3W3T3 3JvHi J0 NOILVNIW¥3 E3Q 3HL
v 13 I 9 MOT134Q009 WNIGgas

1661 330 »-€€2 dd TA ASOTONHI3L OGNV 33NIIJS ¥VITINN
NOILVTITILSIA AG VN WOY¥d O02YN 40 TVAOW3Y 3IHL NO
T JAVYOYVW T ¥IM3dd WNIiaos

€961 vE-€2 4 T 1d 9292-0A1 8VT TUYNOILVN NIAVHIOOUY

SW3ILESAS WNIA0S OGNV A¥NIIW NI SIIANLS NOISOUA0D CINDIT ¥O4VA
TV 13 V ONVWOY V NVYWLIZTS WAIGOS

11281

94287

61281

L2881

89281

i9

a1

99¢c81

79287

65281

$1z91

AR

C e



Lol ‘¢ o
EDMQOmmmDOHAXmeMQHXO:)M
m

g Li2°6c1I8%2 iN3ivae S N
WwniGo
TV 13 H M NYRW3929NY

S ONIAOWIY ¥0d4 GOHILIIW

WNRIgoS

3
G

9G6T5GT AVW 265°%G%1%2 ON 1INIiVd S N
SNVIW NOILIVZITIVLSAYD TYNOILOVYd HIIM ¥3L111d
9 8 S3IIHUOOA H M NVW3IOONUE WNIaos

966T 961-¢S1 dd ¢ A [ 3HIIV
SW3LSAS ¥OL2VIY Q31003 WNIGOS NI TOUINOGD Alldnd
H M NVWIOONU9 WwnIgos

2961 6T AINP 2£82-{T1-0€) Lv 1DJVYINOD 8Z20S-3NN
WN{20S NI N3IIAXC ¥0d4 ¥3L13W SNONNIINGI 30 IN3IWdOTIIA3C
H Z13WNI3LS WAIaos

1961 %0€ 9NV {€0€2}1-0€ LSVYINOIO-¥STIZ-VAN
WNIQOS NI SININIWVINOD J0 NOIiVNIWY313Q TVIN3IWIY¥3IdX3
g NINHSNANIW H ZiJWNI3LS WN1aos

1961 T AVW €0€2(1-0€)iv LDOVuINOD id3¥ SS3¥I0Ud 20YNd S-%SIZ-vaN
WNIAOS NI SINUNIWVLINGD 40 NOIIVNIWY¥3IL3Q TVINIWIY¥ILX3
. H 713WNI3LS WNI1gos

1961 *1 YV¥W €0€l{T-0€3iV 1DVYINDD €-%G1Z VON
IV L3IW WNIGOS NI N3I9AXO ¥04 COH13IW TVIILATYNY +LIATLISNIS HOIH IN3W40TIA30
H ZL13WNIZLS WNiacs

6667 02G%-G—-SN NOILVIAY Vv N d0 AIQ IV €42€-dV30
TY13W WNIADS 40 SISATYNY ¥04 SAOHE3IW 031037100
3 H 3INIe¥3d WNIaos

6661 11¥dV 061-58( dd4 TA JINOITONN
WNIG0S NI SNOILVYINIIONGD N3IOAXO MO S0 NOTLIVNIWY¥IL3IG IHIL
9 NVWGIJIM M SNHVI WNIaos

6561 230 8~N3I9 T-TT1-1V 1JOVYINUD 8€9E¢-US-VVN
WILSAS WNIAOS 39¥VT V NI NOILVYIN3INGD N3JAXC 30 T0¥INOD
g ¥ 3IZNIH ) WNIaos

L6291

96281

66281

%6291

€629

262871

162871

682871

62281

84287

266



-

L9 A €961 H3UVW VIV( TVIINRISL GWW 3ISACHINILS3IM
ABTiv 3ISVE WNTIVEINVEI TIT-L
334V1ES NOISIAICQ ONIWNLIVINNYW STVIY3ILVW ISNCHONI 1SIM TIi-1 WNIYINVE 29181

0961 3INNF T6EZ INYO
STIVISW GINDIT NI SI13WY35 ANV SOIWVY3ID SNOIYVA 40 IONVISIS3Y NOISO¥N0D
H M Y002 VI¥OHL €S1871

9 L %961°83d4 SAVT YVITTNNOULISY 3ISNOHONILSIM ViVa GIHSITIGNLNN
ADTIV TTI-1l WNIVINVLI 20 NOISNVAX3 TVWY3IHL aNV SNTINGOW JIESVI3
44VLES INV 3SNOHONILIS3M T1T-1 AOTIV WNTIVINVE 981871

8 21 %961 %02 °9ONV IINLIISNI 3ITT1ILLIVE 502 L1¥043¥ JIWA
STVIIW AYOLIVYIdIY NO SINIWNOYIANI ONILSIL CHVY ONIAVIW! v3H 40 1333443
°¥°H SN3ICI0 ¢°r°0 CHLINMAVW ¢°d°d ¢IQIWHDS SACTIV WNAVINVL 621371

AAXAN 96T UVW 68.8{Lc91cedY LIOVYLINGD ¥3IANA L= °Ld3¥ WIYIINI ¥VI0S
STIViIIW AYOLIOVYdI3Y 40 9NIGNOS NOISN4l1g
IV 13 ¢°3°V 4347vIL3NW ADTIY WATVINVL 08187

G €961 INNT 2168(.69tecdV III 3ISVHI 186~ 50¥d SAV
WYUO0¥d INJIWJOTIA3ICQ INITIOY TI04 ACTIV A¥GLIIVH4IY
f ONOWAS WNIVINYE Tcigt

L9 % 1 €961 ST 3INN" S6860%3C0 G-9S90-29MON 1S3IM A9 1d3¥ 43IMNG AAYN
L33HS ADTIV WNTIVINVI 40 NOILVATIVAI GNY NOIEONGO¥d i01id
L ¥ A37038 7T ¥ NOWRV TIT-% WRTIVINVL 88871

8 9 % ¢1 6567 0f NVFf ¢s81ST 94 SiO
STVLIIW ANDLIJVY43Y NIVIY3ID 40 IONVISISIY NCILVGIXD OGNV d0¥d HI3IW
M © NOSTIM v @ XO2TiIM 3 1 7131t WATYINVE rALE

8 A4 €96TI°TT ANM €ST OWIW JIWG
JLIHAVYO N3ISONNL WNIVINVL WNAN3ASATIOW WNISWNTI0D 40 9NIGNDS ONV 9NIZvys
W ¥ SNVA3 3 H 331ivd WATVINVE 6181

8 0961 25%-S~-8N NOILVIAV V¥ N 40 AIQ IV 92¢¢€-dV39
WNIGODS GINDIT WO¥d 3CIX0 WNIAOS 30 TVACWIY 40 SNOILYSTLISIANE IVINIWINISX3I
O Siuntig WAIansS 662871



P AR BT A

. g

s

2961 NVP Z2.SelMSVE {97373€¢ LUVEINBD Z266-19 ¥Yi 4GSV
NIEISONNL GNV WNRIGWNTOD 30 ONIZvdg8 ¥0d SWILISAS ADTIV

¥ M ONNOA NI 1SONAL

g 9 % 21 661 0t NVF 54811 89d SiO
STVLIIW AYOLIOVY43Y NIVEIY3IOD 40 3IONVISIS3IY NOILVAIXO OGNV d40%d HI3W

M £ NOSTIM V @ XO27IM 3 L Zi31t N3 iSoNAnl

9 0 I9 1T 128 s2&d %A 30S 3IWVEII ¥3WV 40 TVNINOF
diW3t HOIH 1V 30IQYVI WNINVIILI 40 ALIAILJNAGNGD TVWY3HIL

. 3 ¥ UOTAVE JCIGYVI WNINVIIL
8 €s61T 6-e0% (Z119€ SIOVE J0S SIIWVYID ¥3IWV TUYNIAOrP
I1 SNOILCVY3INI JIWVYID TVISNW

G M AY3IONIMN VINVLIL

i 1661 J33Q -8-%itd ZTON YEA 30S ¥3IT ¥YIWV S0 TYNINOF
S3I¥0LIVE43Y 3AIX0 3¥nd 3ISNIA 40 S3I11Y340¥d4 MOTd ANV DI ISV

34 ¢ LIN3SAM VId0HL

2961 3INAF Lg-£52d SHYA 30S JIWVU3ID NVIIN¥IWV JO TVNINOP

VIYOHY 40 AGNLS INIYIINIS GNV NOILIVNIJIVI

IV 13 A NINSVE A VAVUVH VIY0HL

9 1 0961 NVl 60T-€01 d 8%H=6S5 1d3¥ HI3IL JQGVM
STiW 3INITIVISAYD JITIVIIIWNON AMOLIVHA3IY S0 AJAYUNS ALY3d0¥d TVIINVHIIH

IV 13 3 7T NOHOS @ M AZTIWS VIYOHL

9 6961 AVW 09-%92d (SiIZHA SIVF
dW3L 40 NOILONAZ SV STVINILIVW A¥OLIVY43Y SNACIUVA 40 SATNCGOW SONNCA

V @ NIVY @ £ NVWIHOVM VIYOHL

8 €661 6-c0% (2T19€ SIVFH O30S SIIWVY3D UIWV TWNINOP

IT SNOILJVY3ILINI JIWVH¥3ID TVI3W
G M AY¥IONIM VIYdOHL

0661 3NV 2591 1d3¥ V43N IT1i-€91-8d
WOTHEIT NI Q3iS31 SIVIN3iVW
¥ H NVHd3ILS I ¥ NOSY3aNV WATVINVY

19871

€787

<08l

0981

9L%31

90187

981

6981

868

€22at



e DA Ao o LTy SR W o

Pt

666T AVH 09-H%6Z2d (S)2%A SIVFE

dW3I1 40 NOILONNZ SV STIVIY3LVW AY¥OLOVHL3Y¥ SNOIY¥VA 40 SNTNGCW SONNOCA

8 9 % 2t

Y
31IH4VYEYD

vV G NIVT 8 € NVWLIHOVM VINOJ¥IZ

LGST 9NV 81-%12(810% ALIITOS JIWVIIT NVIIUIWV TYNINOF
SJIWVE3ID JAIXT WNAIY¥LILA JO S3IILEU340Ud
3 2 SILEuNd JAIX0 WNIYiLA

2961 96-26 4 T T3A3Q NOIS3A SSIV0Ud WIHI INI aNi
AlldNd HOIH 40 30IX0 WNI¥LILA
TV 13 @ ¥ NISNVH ¥ G ¥3HSVY VIdLLA

2961 AVW 212-29 ¥L aSv
SUINSIHM VYNIWNTY 30 SISATVNV GNV HIMOYS
g T NOSNIGOY M d MIIQTHVA L D HONAT SU3INSIHM

6561 0% NVP 5681S1 €d SiO
STVIIW AYDLOVYES3Y NIVINID 40 3IONVISISIY NOILIVAIXO ONV d0¥d HIIW
M £ NOSTIM vV @ XOJ7IM 3 1 Zi31IL WNIAQUNVA

€961 NVI TOTSel MNSVL #8%H2{919)ee LIOVUINOD 88-¢9 ¥GL QGSVY
ONICGNOS NOISN3IIad ONV ONIZVYE AQS STIVLIIW A¥OLOV43I¥ 40 ONINIOP
S M ONNBA S 3 S3NOr NZISONNL

€961 8<Z 934 9698620V VIiSY
SAQTIIV AYOLOVEd3Y 40 ONIZVYE JIWY3HIOX3 40 NOILVOILISIANI
TV 13 0 ¥ ONINNVE V ¥ 9INOT N3I1SONNL

2961 1T ANr €ST OW3W JIWG JINLIESNI IVIYOW3IW 3711311V8
NILSONAL WNATVINVI WANICEATIOW WNRISWNTOD 30 INIANOY OGNV ONIZvyg
W ¥ SNVA3 3 H 3311vd N3ESONNL

02871

191

6%291

€981

5371

8518l

selgt

ssg1





